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7. — Identification of Western Australian columbite-tantalite, ixiolite 

and wodginite* 

By M. W. Pi*yce^^ 

Manuscript received 17 June, 1969. accepted 16 June. 1970 


vVbstract 

In Western Australia, ordered columbite-tanta- 
lite occurs at Mt. Francisco, Nullaglne. Green- 
bushes and Ravensthorpe. Ixlollte at Tabba 
Tabba and Londonderry, wodginlte at Wodglna. 
Tabba Tabba and Marble Bar and disordered 
columbite-tantalite at numerous localities. 

The X-ray powder diffraction patterns of the 
mineral group are generally similar with diag- 
nostic slight differences. 

Ordered columbite-tantalite Is orthorhombic, 
pale brown with vitreous lustre, good 010 
cleavage and distinctive powder X-ray lines at 

7.13A and 5.30A, 

Partially to completely disordered columbite- 
tantalite Is orthorhombic, black with submetal- 
11c lustre, no cleavage and the 7.13A and 5.30A 
lines are weak or absent but can be restored 
with heat treatment. 

Ixiolite Is orthorhombic, dark brown with 
reslnou«» lustre, no cleavage and has no 7.13A 
or S.30A line. 

Wodginlte Is monocllnlc, medium brown with 
resinous lustre, poor cleavage and distinctive 
X-ray powder pattern with numerous^ lines 

above 3.67A and a strong doublet at 3.00A and 
2.97A. 

Introduction 

In the past 15 years several hundred X-ray 
powder diffraction patterns have been made of 
various tantalum-niobium minerals at the W.A. 
Government Chemical Laboratories. Most of 
these minerals were in concentrates submitted 
for evaluation from the numerous widespread 
W.A. localities. 

Prior to 1963 the majority of these patterns 
showing general similarity were classified under 
the general heading of “columbite-tantalite” 
following the classification of E. S'. Simpson 
(1951, 1952). The variations in the patterns 
were not investigated as staff, equipment and 
time were not available. 

One particularly unusual pattern with split 
major lines and described in the 1958 records 
as probably monoclinic was later shown to be 
of wodginlte. 

Wodginlte was first described from Bernic 
Lake, Manitoba, Canada by Nickel, Rowland 
and Me Adam in 1963 and named after the 
second locality Wodgina, W.A. (lat. 21°25'S. 
long. 118^30'E.) 

The name was in recognition of the record 
by E. S. Simpson of “manganixiollte”, which 
was actually wodginite from Wodgina in 1909. 

The Canadian work also gave further credence 
to the new^ mineral olovotantalite, reinstated 
ixiolite, and introduced the terms ordered and 
disordered columbite-tantalite and pseudoixio- 

• Published with the permission of the Director. 
Government Chemical Laboratories, Perth. Western 
Australia. 

^ Government Chemical Laboratories. Perth, Western 
Australia. 


lite. Disordered columbite-tantalite and pseu- 
doixiolite are synonymous. The reader is re- 
ferred to Nickel, Row’land and McAdam (1963 
a & b) for powder x-ray data. 

The X-ray patterns in the Laboratory file 
under “columbite-tantalite” have been reclassi- 
fied into the suggested groups and examples 
found of each mineral except olovotantalite. 

A well crystallised specimen from each group 
was selected for further work to apply the 
Canadian workers’ techniques to W.A. speci- 
mens. 

The study also correlated the colour, macro- 
transparency, lustre, crystallinity, cleavage and 
tin dioxide content of each mineral with the 
X-ray powder patterns. 

A combination of the grain properties was 
found to be useful for initial recognition of the 
minerals in pegmatite or alluvium and a valu- 
able supplement to X-ray and chemical data. 

Mineral Properties, Occurrence and X-ray 
Crystallography 

(a) Ordered Coluvibite-Tantalite 

The X-ray powder pattern of ordered colum- 
bite-tantalite. ( figure 1 A) is distinguished 
from other “columbite-tantalite” patterns by 
the line of moderate intensity at 7.13A (020) 
and the weak line at 5.30A (110). 

Two patterns, of specimen MDC 1266 from 
Nullagine (lat. 21®50'S. long. 120®7'E.) and 
specimen MDC 3233 from Ravensthorpe (lat. 
33°35'S. long. 120®0'E.) showed both lines and 
were obviously of well crystallised mineral. 

Two further occurrences were noted in 1967 
in alluvial concentrates from Greenbushes (lat. 
33^50'S. long. 116®0'E.> specimen MDC 550, 
and Mt Francisco, (lat. 21®20'S. long. 118®28'E.). 

The crystals from specimens MDC 550. 1266 
and 3233 are brow'n, elongated along the c 
axis and have a good 010 cleavage. 

A rounded alluvial grain from Mt. Francisco 
was readily recognised as ordered columbite- 
tantalite by the 010 cleavage w^hich even a high 
degree of roundness could not obscure. 

Oscillation X-ray patterns of a small (0.1 
mm) cleavage block from specimen MDC 1266 
gave axial lengths approximating the published 
refined cell axes. 

The cell is oriented in the crystals with the 
short cell dimension, c. along the crystal 
elongation and the long cell dimension, b, along 
the short crystal axis. 

The oscillation X-ray pattern taken about 
the b axis showed a triple “super-cell” i.e. every 
third layer, hOl h31 h61 is equally strong and 
the intervening layers are all equally relatively 
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weak. This repetition is the result of stacking 
three similar but not identical sub-cells along 
the b axis of the columbite-tantalite cell. 

(b) Jxiolite 

The X-ray powder pattern of ixiolite (figure 
IE) can be distinguished from other “colum- 
bite-tantalite” patterns by the absence of any 
line with a d spacing greater than 3.65 A (llOi. 

Tin dioxide is considered to be an essential 
part of the composition of ixiolite. 

Specimens MDC 89, MDC 273 and S389X 
from Londondeny Uat. 31°5'S. long. 121®7'E.> 
and MDC 2147 from Tabba Tabba (lat. 20®40'S. 
long. 118'’52'E.> were chosen from the X-ray 
file because apart from the 6 A line of microlite 
their patterns contained no lines above 3.65 A. 

Specimen MDC 2147, known to contain ap- 
proximately 12 per cent tin dioxide was chosen 
for single crystal study. The sample is com- 
posed of numerous alluvial fragments and poorly 
shaped pseudo-tetragonal crystals slightly 
altered to microlite. The mineral is dark 
brown, brittle with a fine matte fracture sur- 
face and no cleavage. Macroscopically the 
grains are indistinguishable from cassiterite. 

The crystal surfaces are usually strongly 
marked by the co-crystallised pegmatite 
minerals which have asserted their shape against 


the ixiolite. Mica flakes have imposed a pat- 
tern of deep diagonal grooves and pseudo 
cleavage “steps” on a number of crystals. Speci- 
men MDC 273 and S389X were similar and had 
identical X-ray patterns. However, specimen 
MDC 89 was obviously not ixiolite as it was 
black, massive and contained no tin. 

A large crystal 3 cm long and showing recog- 
nisable 010 and 001 forms with two rough faces 
possibly of the 110 prism was selected from 
specimen MDC 2147 for crystal study. 

Oriented approximate cubes with 0.1 mm 
sides were formed by breaking up 0.1 mm thick 
sections cut perpendicular to the three crystal 
axis. The two ground surfaces of the cubes were 
a reference surface for approximate optical 
alignment on the goniometer head. 

Calculations of cell dimensions from the 
oscillation X-ray patterns gave axial lengths 
approximating the refined cell dimensions given 
for ixiolite. Nickel. Rowland and McAdam 
(1963b). 

(c) Partially Disordered Columbite-Tantalite or 
Pseudoixiolite 

Most of the “columbite-tantalite” patterns 
in the Laboratory X-ray file have some trace 
of a line at 7.13 A indicating partial disorder. 
The samples examined in detail have shown 
varying degrees of disorder in one crystal. 



Figure 1. — X-ray powder diffraction patterns. A. — Ordered columbite-tantalite. specimen MDC 3233. Ravensthorpe. 
B.— Reordered columbite-tantalite (heated l.OOO^C). specimen MDC 89. Londonderry. C.— Partially disordered 
columbite-tantalite, specimen MDC 618, Londonderry. D. — fully disordered columbite-tantalite. specimen MDC 
89 Londonderry. E.— Ixiolite. specimen MDC 2147 Tabba Tabba. P.— Wodglnlte. specimen S388B Wodgina. 
Natural size. Camera diameter— 114.83 mm Collimatlon— 0.5 mm. Radiation— Cuka. 
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TABLE 1 

Comparalire data of columbitedantaliU, ixiotit^ and uodyimtf from ir..4. 


Mineral 

Colour 

1 

Macro 

transparency 

Crystallinity 

1 

Lustre 

1 

I 

(‘leavajic 

1 

Tin 

dioxide 
content 
approx, 
per cent 

X-ray powder i)attern 

1. 

COU'MiUTK-TANTALITE 
(a) Ordered 

J‘ale 

l)r«)wn 

Translucent to 
transparent 

W'ell shaped crystals 
often developed 

Vitreous 

jjood 010 

low 

Distinctive : contains 

713 A and 5-30 A 
lines 

(b) Vartially disordered 

Blaek 

Opatpie 

Well shape<l crystals 
often developed, shaja* 
retained in alluvium 

Sub- 

metallic 

none 

low 

Similar to ordered pat- 
tern. Contains weak 

7- 13 A line 

(c) Fully disor<lere<l 

Hlaek 

()pa<iue 

Well sha|H‘d crystals 
often develo|)ed, shape 
retuine<i in alluvium 

Sub- 

metallic 

mme 

low 

Similar to ixiolite pat- 
tern. Uc-orders on 

heat ins 

2 

Txioi.ite 

Dark 

brown 

Nearly opaiiue 

P<M>rly shapwi cry.stals. 
Shape often distorted 
by slli<*ate minerals 

. 

Resinous 

none 

VI 

Distinctive ; no line 

ab«>ve 3 -or) A 

3. 

WODCilNlTE 

Medium 

brown 

Translucent 

Prismatic to acicular 
masses, well roumled 
in alluvium 

Kesimms 

poor 

varies 
up to 
13 

Distinctive; many lines 
above 3-67 A, 3-00 A 
ami 2 97 A doublet 


Specimen MDC 618, (figure 1C) a large black 
crystal showing no cleavage was selected from 
the group. A chemical test proved it to con- 
tain only an insignificant amount of tin oxide. 
Thin sections were used to obtain oriented 
cubes for the oscillation camera. 

The rotation pattern about the b axis showed 
faint remnants of the layers hll, h21, h41, 
and hSl, verifying the partial disorder along 
this axis. 

Specimen MDC 89, (figure ID.) previously 
rejected from the ixiolite group, was also 
studied by X-ray oscillation patterns but 
showed no trace of hll. h21, h41, and h51 
indicating that the sample is completely dis- 
ordered. 

On heating for 1 hour at 1000®C specimen 
MDC 89 changed colour from black to brown 
and the X-ray pattern (figure IB.) showed 
that it had re-ordered. 

(d) Wodginite 

The powder pattern of wodginite (figure 1 
P) can be readily recognised by the numerous 
lines above 3.67 A. 

Wodginite has been recorded from three 
W.A. localities: — 

(i) Wodgina, specimens S388B and MDC 
2782-3 in pegmatite. 

(ii) Tabba Tabba, specimens S3315 and 
specimen MDC 2259-60 from eluvial 
concentrates. 

(iii) Marble Bar dat. 21°5'S. long. 119M0'E) 
Lab. No. 9846/58 from alluvium. 

A further specimen (Lab. No. 8800 66). was 
submitted for evaluation in 1966 from an un- 
specified locality, probably in the Wodgina 
area. The sample was representative of a 
commercial parcel of wodginite and consisted 


of brown well-rounded grains with the appear- 
ance of alluvial monazite. The alluvial wodgi- 
nite in specimen Lab. No. 9846/58 from Marble 
Bar is identical with specimen Lab No. 8800/66 
in appearance. 

The wodginite in specimens S388B and MDC 
2782-3 from Wodgina consists of brown resin- 
ous crystals with prismatic to acicular habit 
in pegmatite. The mineral is distinguished by 
poor cleavage from ordered columbite-tantalite, 
by colour from disordered columbite-tantalite 
and by habit from ixiolite and cassiterite. 

The mineral from Tabba Tabba. specimen 
S3315 and MDC 2259-60 consists of eluvial 
pebbles of pale brown wodginite intergrown with 
and veined by white simpsonite. The pebbles 
are thickly coated with mlcrolite which in some 
pieces has pseudomorphed the hexagonal shape 
of the replaced simpsonite. 

Specimen S3315 was collected from Tabba 
Tabba in 1929 possibly at M.L.312, site of the 
first simpsonite occurrence. 

Single crystal studies of wodginite were not 
attempted since Nickel et al (1963a) have pre- 
sented full data on material identical with the 
Wodgina specimens S388B and MDC 2782-3. 
Positive identification of wodginite is still 
dependent on its distinctive X-ray pattern. 

Discussion 

To date only a broad initial survey with 
intensive w'ork on a few specimens has been 
done with W.A. material. The findings of 
Nickel, Rowland and McAdam (1963a & b) 
appear to apply to the W.A, minerals examined. 
Useful properties for initial sorting and ap- 
proximate identification of the minerals before 
X-raying have been noted and statements 
about their frequency of occurrence can be 
made. 
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Nearly all the W.A. columbite-tantalite is 
partially disordered. The powder pattern is 
recognised by the weakness of the 7.13 A line 
and the absence of the 5.30 A line. Typical 
specimens are black, opaque, with a submetallic 
lustre and no cleavage. Most material 
exhibits some crystal shape, particularly the 
010 pinacoid faces so that some samples con- 
tain many thin rectangular plates. 

Specimen MDC 89 has been recorded as a 
completely disordered columbite-tantalite with 
an X-ray pattern nearly identical with ixiolite. 

Ordered columbite-tantalite has been re- 
corded from only four WJ^. localities. The 
X-ray pattern is distinguished by the two lines 
at 7.13 A and 5.30 A. The mineral is pale 
browm. has a high transparency, and a good 
010 cleavage. 

Ixiolite has been recorded from only two 
W.A. localities. The ixiolite X-ray pattern is 
distinguished by having no lines above 3.65 A. 
The mineral is dark brown, with no cleavage, 
usually shows deep markings and contains tin 
dioxide as an essential constituent. 

Wodginite has been recorded from only three 
localities in W.A. 

The wodginite X-ray pattern is recognised 
by the numerous lines above 3.67A and the 
splitting of the major line at 3.00 A. It is brown 


with poor cleavage, shows no crystal shape in 
alluvium and may contain up to 13 per cent 
of tin dioxide. 

The accompanying Table 1 sets out the dis- 
tinguishing features of the minerals. 

Prints of X-ray patterns of typical specimens, 
figure 1, are also included. 

The patterns were taken with a 114.83 mm 
diameter camera using CuKa radiation and 0.5 
mm collimation. 
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8. — A review of meteorite finds on the Nullarbor Plain, Western 
Australia, including a description of thirteen new finds of 

stony meteorites 

by G. J. H. McCall' and W. H. Cleverly',^ 

Manuscript received 21 April 1970; accepted 21 May 1970. 


Abstract 

The record of 36 finds of meteorites on the 
Nullarbor Plain (all but two within the last 
two decades) is brought up to date, and the 
thirteen most recent finds are described In de- 
tail; all the recent finds are common chondrites. 

The most unusual Is the Coorara stone, which 
contains within narrow shock-produced vein- 
lets the garnet-structured mineral majorlte 
(Isochemlcnl with pyroxene) and the spinel- 
structured mineral rlngwoodlte (Isochemlcal with 
olivine). These two minerals were previously 
recorded in nature only from specimens of the 
Tenham. Queensland stony meteorite shower. 
Other unusual stones are the Reid meteorite, a 
rare, primitive unequilibrated chondrlte: the 
North Reid meteorite, an amphoterlte: and the 
West Reid meteorite, a chondrlte with the chon- 
drules virtually obliterated by recrystalUsatlon 
(as In the unique Shaw meteorite), and dis- 
playing anomalous olivine. Fax), lying in the gap 
between the values for the two groups of 
common chondrites (CBr. CHy). The implica- 
tions of recovery statistics are brlefiy considered. 

Introduction 

Thirteen new finds, mostly made by rabbit 
trappers, of stony meteorites from the arid 
Nullarbor Plain, a limestone desert (McCall and 
Cleverly 1968), are described below, augmenting 
the list already given by the authors (1968, 
1969) and McCall and de Laeter (1965. 1968). 
The new finds are: — Coorara. Forrest. Gun- 
nadorah. Laundi*y East. Laundry Rockhole, 
Laundry West, North East Reid, North Forrest, 
North Reid. Oak. Reid. Webb and West Reid. 

Details of find locations are given in Fig. 1. 
in which all the 36 finds to date on the Nullar- 
bor Plain in Western Australia are recorded 
(there are no recorded falls). The sites of the 
last seven meteorites listed above are approxi- 
mate. being as reported by the finders, but all 
of the other 29 sites have been visited by one 
of us (W.H.C.). and they are probably correct 
to about one minute of latitude and longitude. 
The statistics of finds for this, the most produc- 
tive area in Australia and one of the most pro- 
ductive in the world, are given in Table 1. 

Details of the thirteen new finds 

To avoid breaking the text excessively, photo- 
graph numbers have been omitted. The ac- 
companying photographs show the main masses 
of any meteorite which has some interesting 
physical feature; photomicrographs of all the 
meteorites are given. 

Coorara. — Find, 1966, by A. J. Carlisle, ap- 
proximately 0.4 miles south of the site of the 
Dingo Pup Donga ureilite recovery (Fig. 2D) 

1 Honorary Associates. Western Australian Museum. 

2 Western Australian School of Mines. Kalgoorlle. 


(vid. McCall & Cleverly 1968), a broken mass 
weighing 92.4g: also eight small fragments 
totalling 24. 3g found 0.2 mile north-west of 
the Dingo Pup Donga site. It is weathered, 
brown, brecciated meteorite, traversed by dark 
veins and partly covered by a browm fusion 
crust. Thin section examination shows it to be 
recrystallised, but poorly defined chondrules are 
preserved. Olivine, orthopyroxene and oligo- 
clase are evident. There are some unusual 
areas of felspar inset with decussate laths of 
a brown, altered ferromagnesian mineral 
(olivine?), and also veinlets of a black glass 
inset with a purple isotropic mineral. First 
thought to be entirely garnet (Mason, Nelen 
and White 1968), it is now known that these 
veins contain both a purplish spinel and a 
garnet. These have been identified by J. V. 
Smith as ringwoodite (Mg.Fe)- SiO^, a spinel- 
structured polymorph of olivine, and majorite 
Mga ( MgSi ) SinOis, a garnet-structured poly- 
moi'ph of orthopyroxene (Mg Si O 3 ). These 
phases had previously been predicted as pos- 
sible components of the high pressure inter- 
mediate zone of the terrestrial mantle, but had 
been found in nature only in stones of the 
Tenham. Queensland meteorite shower (Binns 
1969: Binns, Davis and Reed 1969). The garnet 
is very fine grained and difficult to detect, even 
under high magnification. This information is 
based on a written communication from Dr. B. 
Mason. Smithsonian Institution, Washington. 
D.C.. U.S.A. 

The meteorite is an olivine-hypersthene 
chondrite (olivine, Faxs) of type 5 of van Schmus 
and Wood (1967). The specific gravity is 3.27. 
The main mass of 72.4 grams is held in the 
Western Australian Museum (W.A.M. No. 
13013); there is also a 3 gram slice (W.A.M. 
No. 12941 1 and some small chips weighing 4.5 
grams (W.A.M. No. 12023). Chips from the 
north-western occurrence totalling 11.5 grams 
are held in the School of Mines, Kalgoorlie 
collection (No. 10150). 

Forrest. — Find. October -November 1967, by 
A. J. Carlisle. 6 to 7 miles east-north-east of 
Forrest station on the Trans- Australian Rail- 
way line; a single, highly weathered mass with 
a small remnant area of fusion crust, weighing 
97.7 grams. The interior is highly oxiclised. 
In thin section the meteorite is seen to be 
highly recrystallised and to contain an angular, 
fine textured enclave of unusual character. Tlie 
host material is highly brecciated and oxidised, 
but reveals broken chondrules. There is a trace 
of oligoclase in the form of minute, clear grains. 
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Lamellar twinned clinohypersthene and glass 
were not recognised. The enclave is sharply 
bounded and faceted. It consists of minute, 
irregular olivine crystals set in a very fine, 
turbid silicate base. A few opaque mineral 
specks are set within the enclave, but it con- 
tains less nickel-iron than the host material. 
The exact nature of the enclave remains un- 
certain. The meteorite is an olivine-bronzite 
chondrite < olivine. Fam). of the mineralogical 
and textural type 6 of van Schmus and Wood 
(1967>. Its specific gravity is low — 3.29 — 
reflecting the oxidised state of the mass. The 
main mass is held in the collection of the School 
of Mines. Kalgoorlie (No. 10297). and the 
meteorite is also represented in the collection 
of the Western Australian Museum by a small 
chip (W.A.M. No. 13022) weighing 2.5 grams 
and a thin section (W.A.M. No. 12940). 

Gunnadorah. — Find. June 1968, by M. K. 
Quartermaine. 168 yards on a bearing of 08® 
from the 837 mile post on the Ti-ans- Australian 


Railway line, between Rawlinna and Haig sta- 
tions, and close to the boundary of Gunnadorah 
pastoral station. The find was of a single small 
fragment of weathered material weighing only 
19.7 grams. Microscopic examination reveals a 
spherical chondrite. considerably recrystallised. 
Lamellar clinohypersthene is evident, but not 
plagioclase. There is an enclave of fine material 
of uncertain chai*acter. There is much evidence 
of microbrecciation. the mass being traversed 
by cracks filled with limonite and carbonate 
of terrestrial origin. The chondrules are in 
many cases broken, and are of complex in- 
ternal structure and small diameter. The 
meteorite is an olivine-bronzite chondrite 
(olivine. Fai*). of type 4 of van Schmus and 
Wood (1967), with glass present. The specific 
gravity was not determined in view of the 
meagre recovery and its weathered state. The 
main mass is held at the School of Mines, Kal- 
goorlie (No. 10307). A small chip and thin 
section are held in the collection of the Western 
Australian Museum <W.A.M. No. 13019). 


TABLE 1 

Mfteoritf fimfx on the SuUarbor Plain, W'exlern Anxfralia 


No. 


Tyi)e, 

Name 

Favalfte 



index 

1 

Billygoat Donga 

( lly 25 

2 

Burnabbie 

CBr IS 

ii 

Burrika 

CHv >4 

4 

('ardanumbi 

CHv 24 

.'> 

C(M’kle))lddy 

CBr IS 

6 

(’oorara 

CHv 25 

7 

Dingo Fii]) Donga 

I’ 10 

8 

Forrext 

(Br 19 

9 

(rftnntnhtrah 

CBr 18 

10 

Haig 

Om 

11 

jAtundrif Faxt 

CBr 19 

12 

hiumiry Porthole 

CBr 19 

18 

lAtundry B>j»/ 

( Hy 25 

14 

I.^iongatia .8ttttion' 

Om 

1.5 

booiigana Stati<»n West' 

Om 

16 

Miilga (North) 

CBr 18 

17 

Mnlga (South) 

CBr 18 

18 

Miindrabilla 

Om 



Om 

19 

Nalluh 

CBr 

20 

Naretha 

CHv 25 

21 

North Haig 

V ()-80 

22 

Sorth Forrext* 

CHv 24 

28 

.VortA lieid* 

CHv 28 

24 

Oak* 

CHy 25 

25 

Pannikin 

(’Hv 24 

26 

Premier Downs I. II' 

Om' 


» „ 111' 

Om 

27 

Rawlinna 

CBr 20 


f * ... 

CBr 20 

28 

Rawlinna (palla.site) 

P 

29 

He id* 

variable 

80 

River 

CHv 25 

81 

82 

SIee|«‘r (’amp 

HVM* 

( Hv 25 
CHv 23 

83 

Yayjiima 

CH'y 25 

84 

Cn-nained .... 

Oxidised 

35 

.VortA Fax! Reid* . .. 

iron 

CHv 24 

86 

Went Reid* 

CBr 21 


Finde 
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M. and A. J. (.'arlUl<‘ 
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W. H. llnllpr ... 
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W. H. I’leveriv 
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R. B. WHmoii and A. .M. ('(xniev* 
A. J. 

J. Darhvjthlir 
R. F. KUkuIIoii 
rnkiiowti 

I). A. ('arUal** 

!>. A. CarlWp 
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11. Kent 
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(\ A. CarlUlr 

A. J. Carllnk* 

A. J. ('arlWe 

I>. (’arliHle 

I). A. CarlkU* 

H. E. rarlinle 
E. J. H(M‘kley 
A. J. t'arlislo Jnr. 

1). A. and A. J. Carlklo 

1). A. CarlUk 

X. R. CarlUle 


Date 

l..atitu<!e 

S. 

Longitude 

K. 

Weight 

Kefs. 

1962 

30" a8' 

126 22' 

142 g 

A, 

B. 

196.5 

82^ 03' 

126' 10' 

2-51 kg 

H, 

C 

1966 

81 58' 

125® .50' 

20-4 g 

B, 

c 

1966 

32- 10' 

125® 38' 

6-4 g 

H. 

c 

1949 

.81 • .56' 

126’ 13' 

19-5 kg 

A. 

B 

1966 

30^ 27' 

126 06' 

116-7 g 

I) 


1965 

rjO-* 26' 

126 06' 

122-7 g 

B, 

C 

1967 

30’ 49' 

128’ 13' 

97 7 g 

1) 


1968 

31® 00' 

125 56' 

19 7 g 

1) 


1951 

31® 23' 

125 88' 

508 kg 

A, 

B, 

1967 

31® 31' 

127 ’ OS' 

48 1 g 

D 


1967 

81® 32' 

127 - or 

1-44 kg 

I) 


1967 

3r 28' 

126’ 56' 

201-9 g 

1) 


(?) 1962 

80' 47' 

127'’ 83' 

108 u 

A 


1967 

80" 57' 

126® 58' 

66-5 g 



1964 

80'^ ir 

126® 22' 

3-08 kg 

B. 

(' 

1968 

30" 12' 

126® 22' 

298 1 K 

B, 

C 

1965 

3(r 45' 

127” 30' 

177 9 g 

B 


196« 

30’ 47' 

127® 33' 

r. 16000 kg 

B 


1968 

31 58' 

126= 15' 

4-617 g 

£ 


1915 

31® 00' 

124® .50' 

2 3 kg 

A 


1961 

30^ 13' 

126= 13' 

973 g 

A, 

B, 

1969 

30^ 30' 

12s® (M)' 

608-9 g 

D 


1969 

80" OS' 

128= 88' 

308-7 g 

D 


1968 

81® 35' 

127® 42' 

75 -8 g 

1) 


1965 

82^ 02’ • 5 

126= ir 

18-0 g 

B. 

C 

1911 

80' 57' 

127® 15* 

228 g 

A 


1918 

30' 57' 

to 22' 

99 g 

A 


pro- 1952 

Vicinity of Rawlinna 

107 g 

A, 

B. 

pre-1959 

30 22' 

126' 05' 

186 g 

A, 

B. 

pre-1959 

81® 10* 

125® 16' 

r-.50 g 

B 


1969 

30" ir 

128= 41' 

144-1 g 

D 


1965 

30 ' 22' 

126= 01' 

190-5 g 

B, 

C 

1962 

30" 15' 

126" 20' 

1-25 kg 

A. 

B, 

1968 

81® 4r 5 

127 47' 

410-5 g 

1) 


1965 

82' 02' 

126= 10' -5 

262-4 g 

B. 

C 

1966 

30^ 29' 

126® 15' 

39-5 g 



1969 

30' 09' 

12S® 48' 

38-6 g 

I) 


1969 

30= 11' 

128® 40' 

627-7 g 

D 



F(K)tnnte« to Table 1 

1 Si’**', *■*•„*? are small masses which were probably shed from No. 18 durinu attntwpheric ttlKht. 

» ^ 2'— --(t 2i>. 82, and have not been visited bv the writers and are apprciximate oidv. 

Ke*«iiseovered : rabbit irap|>er> (Includiiiff a .Mr. Harrison) reported these masses a few years I>efore. 

Note.s on Table 1 

"■‘’‘I""'’ (h*- ‘*n Fiji. 1. The weight given is the total known weight. The letters in the last column 

refer to the fo lowing references, which are given in full at the end of thi.s pai>er •— 

*'"^****’ 1)-Thls paper (italicised entries). 

,, XI ^ ^ K- .McCall and Cleverlv (1D69). 

t—Me( all and Cleverly (1968). F -CIeverly ( 1968 ). * 
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Figure 1. — Map of the Nullarbor Plain In Western Australia showing the locations of 36 meteorite finds relative 
to the Trans-Australian Railway and the Eyre Highway. The meteorite numbers are those used In Table 1, 
except that the No. 8 north of Haig should read 6. and Nos. 21 and 22 should be interchanged. 
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Figure 2.— Diagrams of recovery areas. A.— the three meteorite sites near Laundry Rockhole; B.— the Laundry 
Rockhole meteorite; C. — the Laundry West Meteorite; D . — the Coorara meteorite. 


Laundry East. — Find, March 1967, by A. J. 
Carlisle, 7 miles east of Laundry Rockhole. 
which is itself situated 25 miles north of Madura 
on the road from the Eyre Highway to Loon- 
gana Station on the Trans-Australian Railway 
line (Pigs. 1 and 2A). The find was of a single 
stone, complete but for a chipped corner, and 
weighing 43.1 grams. It is weathered, and has 
a smooth, chocolate-coloured, oxidised fusion 


ciust. The cut surface also displays a good 
deal of oxide staining, indicating a considerable 
age on earth. In thin section it is seen to be 
a spherical chondrite, possessing many complex 
structured chondrules of small dimensions in 
an opaque, iron-oxide stained base, once prob- 
ably composed partly of glass. It is an olivine- 
bronzite chondrite (olivine, Fais) of mineralogi- 
cal and textural type 4 in the classification of 





F 



FiffiirP 'I — Photoirraohs of meteorite masses. A.— the Laundry East meteorite; B.— the Laundry Rockhole met- 
eorite: C. the Webb meteorite; D. — the Coorara meteoilte; E. and F. — the Oak meteorite (different views of the 

same mass) (scale bars are In tenths of an inch). 
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van Schmus and Wood (1967). The specific 
gravity is 3.30 (a low value refiecting the 
oxidation). The main mass is in the Kalgoorlie 
School of Mines collection (No. 10242) and the 
meteorite is also represented in the Western 
Australian Museum collection by a chip and 
thin section (W.A.M. No. 12937). 

Laundry Rockhole. — Find, June 1967. by M. K. 
Quartermaine near the roadside at the south- 
east corner of the enclosure fence surroundiiag 
the rockhole (Figs 1 and 2A,B). A total of 32 
fragments was recovered, the largest weighing 
1016 grams; the remainder, shed from the main 
mass, which had cracked and partly disinte- 
grated while it lay on the surface, weighed 
427 grams. These fragments were spread in 
a semi-circular arc east of the main mass. 
The mass has a smooth, brown, fusion crust 
and fine-textured, oxidised interior surface. The 
form of the mass is that of a half-brick. The 
microscope reveals a recrystallised olivine- 
bronzite chondrite (olivine. Fai.) of the 
mineralogical and textural type 5 in the classi- 
fication of van Schmus and Wood (1967 >. The 
specific gravity is 3.44. The main mass is in 
the collection of the School of Mines. Kalgoorlie 
(No. 10243), and the meteorite is also represent- 
ed in the Western Australian Museum collection 
by 25 fragments totalling 264 grams ‘W.A.M. 
No. 13015) together with two small chips and 
a thin section 'W.A.M. No. 12939). 

Laundry West. — Find, March 1967. by Murray 
and A. J. Carlisle. 6 miles north-west of LaundiT 
Rockhole (Fig. 1 and 2A.C). five angular frag- 
ments totalling 201.9 grams, spread out over a 
linear belt for a distance of 276 feet. The 
meteorite is strongly oxidised, displaying a 
smooth, brown, fusion ciiist and brown, limonite- 
stained. fresh-cut face, showing a fine texture. 
The microscope reveals the texture of a highly 
recrystallised chondrite. It is an olivine-hypers- 
thene chondrite 'olivine, Fas^), of mineralogical 
and textural type 5 in the classification of van 
Schmus and Wood (1967). The specific gravity 
is 3.40. The oxidised state of the mass suggests 
a considerable age on earth. Masses of 120 
grams (W.A.M. No. 13011) and 21 grams 
(W.A.M No. 12938) are held in the collection of 
the Western Australian Museum, and one weigh- 
ing 53.6 grams in the collection of the School 
of Mines, Kalgoorlie (No. 10241). 

North East Reid. — Find. September 1969. by D. 
A. Carlisle. 3 miles north-east of the site of the 
Reid find (Fig. 1), two small, angular masses 
weighing 31.1 and 7.5 grams respectively. The 
mass is highly ferruginised. and appears under 
the microscope to be highly cracked and de- 
formed. The chondrules are less than 1 mm 
diameter. Devitrified glass and lamellar clino- 
hypersthene are evident, but no plagioclase. It 
is a brecciated mass, not significantly reci*ystal- 
lised, an olivine-hypersthene chondrite (olivine. 
Faai*. of the mineralogical and textural type 4 
of van Schmus and Wood (1967). The specific 
gravity was not measured. The two masses are 
held in the collection of the School of Mines. 
Kalgoorlie (No. 10554), and the meteorite is also 
represented in the Western Australian Museum 
collection by a thin section (W.A.M. No. 13110). 


North Forrest. — Find, some time in 1969, by 
an unknown person, and passed to A. J. Carlisle. 
The location of the find was reported to be 
approximately twenty five miles north of For- 
rest. The single mass is badly weathered and 
partly disintegrated, and now comprises three 
interlocking pieces totalling 608.9 grams. A fiat 
surface covered with pinkish-white caliche is the 
surface on which the mass must have rested in 
the ground for a long period. Under the micro- 
scope the meteorite is seen to be a brecciated 
spherical chondrite, the small complex chond- 
rules of which are much deformed. The crack- 
ing appears to be primaiTi but to have been 
emphasised by the introduction of limonite along 
the cracks during terrestrial ferruginisation. 
Turbid glass and lamellar clinohypersthene are 
evident, but not plagioclase. The meteorite is 
an olivine-hypersthene chondrite (olivine, Fa 2 i»‘, 
of mineralogical and textural type 4 of van 
Schmus and Wood (1967). The specific gravity 
is 3.29. The main mass is held in the collection 
of the School of Mines. Kalgoorlie (No. 10538) 
and the meteorite is also represented in the 
Western Australian Museum by a thin section 
(W.A.M. No. 13107). 

North Reid <1. II and III).— Find. August 1969 
(I) and September 1969 dl. III) by D. A. Car- 
lisle. The original find was made about 5 miles 
north-west of the site of the Reid find. Mass 
II was recovered 7 miles south-south-west of the 
site of the Reid find, and mass III six miles 
south-west of the site of the Reid find. The 
respective weights are: — 

Mass I No. 10547 108.3 grams 

Mass II No. 10553 43.9 grams 

Mass III No. 10555 156.5 grams 

The first find was of an incomplete stone 
showing orientation characteristics (contrasting 
rough and smooth fusion crust-coated facets). 
The second was of a small angular fragment of 
highly weathered material. The third mass is 
very similar to Mass I in showing orientation 
characteristics. The cut face of this mass is 
orange coloured and shows very sparse flecks of 
metal together with chondrules up to 2 mm 
diameter. Sectioning of Mass III revealed chon- 
drules merging into the ciystalline matrix ; barred 
chondrules with complex internal structure are 
prominent. Clinohypersthene was not detected, 
but oligoclase is evident, aggregated with 
opaque minerals in the form of minute, mostly 
untwinned grains. Mass II is more weathered, 
but otherwise similar. The felspar is in part 
lamellar twinned in this mass, having a com- 
position of oligoclase 'An— aW. Traces of clino- 
hypersthene were noted in the thin section from 
Mass II. The first Mass is very similar to 
Mass III. The meteorite is an olivine-hypers- 
thene chondrite showing advanced reciystallisa- 
tion. of the sub-class “amphoterite” (olivine. 
Fasn). and of the mineralogical and textural 
class 5 of van Schmus and Wood (1967). The 
specific gravity is 3.49. The main masses are 
held in the collection of the School of Mines. 
Kalgoorlie (Nos. 10547, 10553 and 10555) and 

' Olivine not optically determinable due to limonite 
coating: dlffractometric peak low and diffuse around 
Fa^i (B. Mason, written communication). 
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the meteorite is also represented in the collec- 
tion of the Western Australian Museum by 
thin sections (W.A.M. No. 13109). 

Oak. — Find, 1968, by D. A. Carlisle about 20 
miles north-west of Mundrabilla station home- 
stead, a single mass weighing 75.3 grams, faceted 
and coated by brown fusion crust. Orientation 
characteristics are evident, the rearward facing 
surfaces in ablation flight being rough and 
mottled, whereas the other surfaces are smooth- 
crusted. The freshly cut surface is grey and 
sparsely speckled with fine nickel-iron, surround- 
ed by some llmonite stain. The mici’oscope re- 
veals a most unusual texture. The meteorite 
consists of contrasting patches of very finely 
granular material and very coarsely recrystal- 
lised material. There is little trace of chon- 
drules in the coarse material, but the fine 
material displays quite well formed chondrules. 
Plagioclase (oligoclase), showing very faint 
lamellar twinning, is abundant in the fine 
areas — indeed it is more abundant than in any 
chondrite previously examined by the author 
responsible for the petrographic examination 
(G. J. H. McC.). The opaque minerals are 
coarsely aggregated in the coarse fraction, and 


finely aggregated in the fine fraction. There 
is a little plagioclase in the coarse fraction, and 
the two fractions could well be products of 
coarse and fine recrystallisation of similar 
initial material, though there may be com- 
positional disparity. The pattern is not unlike 
the “light-dark" pattern of some brecciated 
chondrites (Keil and Fi*edriksson 1963). There 
are traces of lamellated clinohypersthene. The 
meteorite is an olivine-hypersthene chondrite 
< olivine. Fa:;.v» of the mineralogical and textural 
type 5 of van Schmus and Wood <1967). Its 
specific gravity is 3.31, a surprisingly low value, 
for the meteorite is not strongly ferruginised — 
the high plagioclase content may be responsible 
for this low value. The main mass is held in 
the collection of the School of Mines, Kal- 
goorlie <No. 10390) and the meteorite is also 
represented in the Western Australian Museum 
collection by a thin section (W.A.M. No. 13111). 

Reid <I and II). — Find. August 1969, by D. A. 
Carlisle (the first mass) about 48 miles north- 
north -east of Reid station on the Trans- 
Australian Railway line. The initial find was 
of a single, fractured, incomplete stone, weigh- 





Plgure 4. Photographs of meteorite masses. A. — the Reid I meteorite mass, showing chondrules: B. — the North 

Reid I meteorite mass, showing the rough, rearward facing surfaces In atmospheric flight (facing the camera) 
and the smooth, anterior surface in ablation flight, above: C. and D.— the North Reid III meteorite mass, again 
showing the contrast between a rough, rearward-facing ablation surface and smooth anterior surface (scale bars 
in millimetres and centimetres). 
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ing 90.3 grams. Rounded chondrules are strik- 
ingly evident on a brown weathered surface, 
and there is little trace of fusion crust. The 
second recovery, of three small fragments 



B 


weighing 35.3, 18.0 and 0.5 grams (total 53.8 
grams) was made 10 miles to the south-west 
by A. J. and D. A. Carlisle in September. 1969, 
bringing the total to 144.1 grams. In thin sec- 



E 



Figure 5 — Photomicrographs. A. — Laundry East meteorite, general view (x 20. plane polarised light); B. — Laundry 
Rockhole meteorite, general view <x 20. plane polarised light); C. — Laundry West meteorite, general view (x 20, 
plane polarised light); D. — North Forrest meteorite, general view (x 20. plane polarised light); E. — Reid meteor- 
ite. general view (x 2-9, plane polarised light); F. — North Reid meteorite, general view (x 20, plane polarised 
light). 
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tion, this meteorite displays a primitive charact- 
er. being a spherical chondrite with chondrules 
less than 1 mm diameter, well-formed and of 
complex internal stmcture. set in a fine, ferrug- 
inised base, once probably a mixture of glass and 
fine crystal fragments. The meteorite is an un- 
equilibrated olivine-hypersthene chondrite 
(fayalite content of olivine variable) of type 
3 in the mineralogical and textural classification 
of van Schmus and Wood (1967). Nickel-iron 
is extremely scarce and this fact is reflected in 
the very low specific gravity, 3.14. The masses 
are held in the collection of the School of 
Mines. Kalgoorlie (Nos. 10544 and 10552 >. and 
the meteorite is also represented in the collec- 
tion of the Western Australian Museum by 
thin sections (W.A.M. No. 13108). The several 
finds in the vicinity of the site of the Reid 
find are listed in Table 2. 

Webb. — Find. June 1968. about twelve miles 
north-north -west of Mundrabilla Station Home- 
stead, by E. J. Hockley; a single, brown, fusion 
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Figure 6. — Photomicrographs. A. — Forrest meteorite, 
showing the facetted, fine textured, achondrltlc (?) 
enclave, top (x 50, plane polarised light): B. — Gunna- 
dorah meteorite, general view (x 50, plane polarised 
light). 


crust coated, oxidised mass, weighing 410.5 
grams. Of the same highly recrystallised type 
as Yayjinna, Burrika (McCall and Cleverly 
1968* and North Reid, this meteorite reveals 
under the microscope a recrystallised aggregate 
of olivine, orthopyroxene and subordinate oli- 
goclase (the felspar being very poorly twinned 
and aggregated with coarse, sparse develop- 
ments of nickel -iron and troilite>. Chondrules 
are discernible but have merged into the 
crystalline base, their boundai'ies being com- 
pletely lost. The meteorite is an olivine- 
hypersthene chondrite (olivine, Faaa). of the 
textural and mineralogical type 6 of van 
Schmus and Wood (1967). The specific gravity 
is 3.38. The main mass is held in the collection 
of the School of Mines, Kalgoorlie (No. 10317). 
and the meteorite is also represented in the 
Western Australian Museum collection by two 
small slices weighing 12.0 and 3.3 grams re- 
spectively. and a thin section (W.A.M. No. 
12983). 

West Reid. — Find, November 1969. by N. R, 
Carlisle, a single entirely fusion crust enveloped, 
oriented stone, weighing 627.7 grams. The 
mass shows a rough, pitted surface (the rear- 
ward facing surface in ablation flight) and a 
concave, rounded and weakly faceted opposing 
face, covered with a shiny, chocolate coloured, 
fusion crust. The rearward face consists of 
three orange-brown coloured, concave, pitted, 
well-defined facets, separated by a Y-shaped 
ridge pattern. The fresh-cut surface is brown 
and shows a fine speckling of metal and what 
appear to be faintly defined chondrules. In 
thin section the meteorite is seen to consist 
of a fine aggregate of olivine and bronzite (some 
of which shows a faint lamellation ) . Plagio- 
clase is only sparingly evident. Tliere is 
abundant finely aggregated metal and troilite. 
Chondrules are difficult to discern but faintly 
defined fan-chondrules, now almost merged in 
the base, were detected. The olivine is deter- 
mined as Fail by diffractometry, a very unusual 
value for a chondrite; the orthopyroxene is 
Fsib. It appears to be a highly recrystallised 
olivine-bronzite chondrite of van Schmus and 
Wood’s class 6 — one that has lost definition 
of virtually all its chondrules. Comparison may 
be drawn to the unique Shaw chondrite which 
is chondrule-free (Mason 1967), but the tex- 
ture is less coarsely crystallised than that of 

TABLE 2 


Meteorites discovered north of Reid in 1969 (Coordi- 
nates for Reid and North Reid in Table I refer to 
the initial finds only.) 
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Figure 7.— Photomicrographs A.— Oak meteorite showing contrasting coarse textured and fine textured areas 
(X 20 crossed nlcols): B.— Webb meteorite, general view (x 20. crossed nlcols): C.— Coorara meteorite, unusual 
relspathlc area, showing felspar (light) Inset with prisms of a brown, altered mineral, probably olivine (x 20. 
plane polarised light): D.— Coorara meteorite: dark veins carrying rlngwoodlte (grey) and majorlte (x 20. plane 
polarised light); E.— North East Reid meteorite: general view (x 25. plane polarised light). 


78 




C D 

Figure 8.— A.— The West Reid meteorite — anterior surface in ablation flight; B. — The West Reid meteorite- 
posterior surface in ablation flight (scale bars in millimetres); Photomicrographs. C. — the characteristic chon- 
drule-free. highly recrystalllsed but fine texture of the West Reid meteorite <x 17. plane polarised light); D. — 
One of the sparse, fan-chondrule relics in the West Reid meteorite (x 43. plane polarised light). 


Shaw. The specific gravity is 3.46. The main 
mass is held in the collection of the School 
of Mines, Kalgoorlie (No. 10564), and thin sec- 
tions are held in the collection of the Western 
Australian Museum (W.A.M. No. 13129). 

Discussion 

These new recoveries emphasise the peculiarly 
favourable conditions for meteorite preserva- 
tion afforded by the surface of the arid, almost 
waterless Nullarbor limestone desert or gibber 
plain. It seems that historically ancient 
meteorite masses must be included together with 
some quite fresh masses (such as Mulga North 
and Cocklebiddy) in the Nullarbor recoveries. 
There has been considerable overprinting of 
falls of different dates, especially in the case of 
the two Mulga groups, Dingo Pup Donga and 
Coorara, and the newly discovered complicated 
Reid group (Reid, North Reid. North East Reid 
and West Reid). The evidence of Vdovykin 
(1968a, b) suggests that even the two ureilites, 
North Haig and Dingo Pup Donga are products 
of quite distinct and chronologically separate 
falls. Of particular interest is the seeming 


proliferation of small stones, and relative 
paucity of large stones, large iron masses and 
achondrite masses. Comparison between the 
Nullarbor Plain and other areas of comparable 
size elsewhere in the world that have yielded 
many iron masses of considerable size — for 
example, Mexico, Chile. S. W. Africa and the 
western wheatbelt of Western Australia — sug- 
gests that there must be some controls, pos- 
sibly in the nature of orbital geometry, that 
determine the uneven terrestrial distribution of 
meteorites by type — controls as yet little under- 
stood. Perhaps meteorites of one type sharing 
the same limiting orbital geometry tend to 
strike a restricted area of the Earth’s surface 
repeatedly in successive orbital interferences. 
It seems clear that falls of chondritic stones 
of no great size overwhelmingly predominated 
in the more recent past amongst meteorites 
striking the Western Australian half of the 
Nullarbor Plain, and it seems surprising that, 
with such perfect conditions for long preserva- 
tion of irons (proved in the case of the iron 
shale beneath the immense Mundrabilla irons 
discovered (or more correctly rediscovered) in 
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1966 — McCall 1968). only these two large paired 
irons and the large Haig iron (McCall and 
de Laeter 1965; Cleverly 1968) have yet been 
recovered from the surface of the Nullarbor 
Plain, in Western Australia. It may be that 
we are only just beginning to comprehend the 
complexity of the controls exerted on terres- 
trial meteorite distribution. 
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9. — The high-grade metamorphic and associated igneous rocks of 
Mt Bakewell, near York, Western Australia. 

by N. C. N. Stephenson • 

Manuscript recewed 17 June, 1969; accepted 17 February 1970. 


Abstract 

The Mt Bakewell area consists of a com- 
plexly folded sequence of high-grade meta- 
morphic rocks forming part of the Early Pre- 
cambrlan Jlmperding metamorphic belt. Grani- 
tic gneisses, cordlerite-bearing rocks, quartzites, 
metajaspllltes. and basic granulites have been 
derived from arkoses or greywackes. shales, 
quartz sandstone, iron formation, and inter- 
calated basaltic sills or flows respectively, under 
syntectonlc lower granullte facies conditions. 
Ultrabasic bodies emplaced after the main 
period of metamorphlsm have recrystalllsed 
under greenschist facies conditions. Three 
sets of folds — representing at least two. and 
possibly three, successive deformation phases 
of the orogcnic cycle—are recognised. Almost 
recumbent isoclinal folds (formed during 
metamorphlsm) with axial planes dipping NE. 
have been warped into a broad NE. -plunging 
synform. and overprinted by later mild E.-W. 
crossfolding. A progressive Increase in meta- 
morphic grade from amphibolite facies in the 
west to granullte facies in the east Is recog- 
nised In the Jlmperding metamorphic belt, 
and three zones of metamorphlsm have been 
tentatively established. The metamorphic 
rocks have been Intruded firstly by adamellite, 
then by dolerlte dykes, the latter divisible 
Into three categories all derived from tholelltlc 
magma. 

Introduction. 

The area under review, measuring 7 square 
miles, is near York, the centre of a wheat and 
sheep farming district situated on the banks of 
the Avon River. 60 miles by bitumen highway 
from Perth. Mt Bakewell, the major physio- 
graphic feature in the area, is 3 miles north of 
York railway station. The area is part of the 
West Australian Precambrian Shield and is 
composed largely of high-grade metamorphic 
rocks of the Jimperding metamorphic belt (see 
Figure 1). 

The aim of this investigation w’as to examine 
the petrology and structure of the Precambrian 
metamorphic and igneous rocks encountered in 
the area. Chain and compass and plane table 
surveys were carried out by students (including 
the author) from the Geology Department of 
the University of Western Australia under the 
direction of members of Staff during 1950-52 
and 1960-61. The mapping was completed by 
the author in 1963 using pace and compass. 
Nearly 140 specimens were collected and sec- 
tioned for the petrological work. Specimen 
numbers cited in the text refer to the collection 
of the Geology Department of the Univei'sity 
of Western Australia. Field locations are stated 
as 6-figure co-ordinates from the accompanying 
geological map (folding map at end), 

• Geology Department. University of Western Australia, 
Nedlands. Western Australia. 
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Previous Investigations 

Similar geological investigations have been 
carried out in nearby exposures of the Jimperd- 
ing metamorphic belt at Malkup (Cole and Gloe 
1940), Toodyay (Prider 1944), Lawnswood 
(McWhae 1948), Hamersley Siding (Johnstone 
1952), Quartz Hill (Willmott 1955), Mt Dick 
fPidgeon 1961), Whitfields Hill (Brophy 1963), 
Needling Hills (Danielson 1963) and Nunyle 
(Elkington 1963). A dyke complex in the north- 
ern part of the area at present under review 
was the subject of a detailed study by Martin 
(1961), and Gregson (1961) has examined the 
magnetic rocks occurring on the western slopes 
of Mt Bakewell. 

Physiography 

The topography of the area is closely related 
to the underlying geolog>'. The gneisses have 
weathered to form gently undulating country 
typical of the Wheat Belt. Quartzite, being 
more resistant to erosion, stands well above the 
general level, and forms an east-west trending 
range, or cuesta. 2^ miles long with a gentle 
northern dip-slope and a steep southern escarp- 
ment w^hich slopes down to the flood plain of 
the Avon River (Figure 2). Mt Bakewell, with 
an elevation of 1501 feet above sea level, and 
about 700 feet above the surrounding country, 
is the highest point of this range. At its west- 
ern end the range swings northwards to a 
NNW.-SSE. trend as a result of a change in 
the strike of the quartzite. The physiographic 
prominence of the range then gradually dim- 
inishes over a distance of 24 miles as it grades 
to the north into a line of discontinuous ridges, 
and eventually fades into a broad alluvium- 
filled valley which drains eastward into the 
Avon River. In places the quartzite is capped 
by erosion remnants of Tertiary laterite form- 
ing gently sloping mesas. 

Numerous consequent streams flow from the 
quartzite ridges, at the feet of which wide allu- 
vial flats have formed as a result of active 
erosion. The streams are commonly deeply 
incised into their alluvium. Some of the gullies 
on the slopes of the quartzite ridges contain 
rock “glaciers" of quartzite talus. 

General Geology 

The area under consideration consists of a 
complexly folded sequence of Precambrian 
high-grade metamorphic rocks forming part of 
the Jlmperding metamorphic belt, with numer- 
ous unmetamorphosed acid and basic igneous 
intrusions. The major rock type is granitic 




Figure 2.— View of Mt Bakewell from the west, showing the gentle northern dip-slope and the steep southern 
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gneiss, which is commonly garnetiferous, and 
contains conformable bands and lenses of 
quartzite, basic granulite. metajaspilite. cor- 
dierite-bearing rocks, and metamorphosed 
ultrabasics. The last group includes serpen- 
tinites. tremolite-actinolite rocks, and talc 
rocks. 

Late or post orogenic adamellite instrusions 
occur as dykes up to 1 chain wide, trending 
N.-S. The contacts are sharp and undoubtedly 
intrusive, but chilled margins and contact 
metamorphism were not observed. 

Emplacement of numerous dykes and rare 
sills of tholeiitic dolerite followed the adamel- 
lite intrusions. Martin (1961) has studied in 
detail a dyke complex in the northern part 
of the area at present under review, and has 
presented a classification of the dolerites found 
there. The present author, after a wider though 
less detailed survey, has modified Martin’s 
nomenclature and age relationships, and ten- 
tatively proposes the following classification: 

(a) Altered quartz dolerite. 

'b> Quartz-orthopyroxene dolerite and re- 
lated basaltic plagioclase-augite-phyric 
dolerite. 

(c) Basaltic plagioclase-phyric dolerite. 

The altered quartz dolerite, occurring as 
dykes up to 5 chains wide trending pre- 
dominantly NNW., is older than the other 
dolerites except a few of the basaltic plagioclase- 
phyric intrusions. Quartz-orthopyroxene doler- 
ite forms NW.-trending dykes up to 5 chains 
wide, which cut — and are therefore younger 
than — the altered quartz dolerites. The quartz- 
orthopyroxene dolerite intrusions have chilled 
margins of basaltic plagioclase-augite-phyriC 
dolerite. Narrow dykes identical with these 
chilled margins intrude the altered quartz 
dolerite. but not the quartz-orthopyroxene 
dolerite. The basaltic plagioclase-phyric 
dolerite. occurring as numerous thin dykes and 
sills, intrudes all the other dolerites and there- 
fore represents the last phase of dolerite em- 
placement. However, at least two phases of 
intrusion by basaltic plagioclase-phyric dolerite 
have occurred, because at two localities this 
rock is cut by altered quartz dolerite (cf. Martin 
1961). 

Metamorphic Rocks 
Petrography 

During the course of this investigation about 
150 thin sections were examined, and a detailed 
account of the petrography has been prepared 
(Stephenson 1963). Only summary descriptions 
wm oe preseniea in this paper. 

1. The granitic gneisses vary from somewhat 
massive and granoblastic to well foliated due 
to the concentration of dark platy minerals in 
thin layers. They may be equigranular 
medium -grained or strongly porph.vroblastic. 
The major minerals are usually (e.g. 50478) 
plagioclase (oligoclase or andesine), microcline, 
quartz, and biotite occurring in varying pro- 
portions. Microcline is normally crossliatched 
and weakly perthitic. and may occur as augen 
porphyroblasts. Biotite (X light brown, 
Y Z dark brown or reddish brown) occurs 
in well oriented flakes which may be concen- 


trated in thin bands or scattered throughout 
the rock. Pink garnet (almandine-pyrope; 
n 1.787 - 1.790) is locally a major constituent 
and occurs mainly as large, ragged, sieve- 
textured porphyroblasts (e.g. 50479 >. Hypers- 
thene and anthophyllite are rare. Strongly 
pleochroic hypersthene (X pink. Z green) is 
a minor constituent of 50480. which contains 
also quartz, garnet, microcline. biotite. and 
andesine. The hypersthene occurs in equant 
xenoblasts which partially enclose biotite flakes. 
simulatTig a subophitic relationship. Prismatic 
(locally fibrous) anthophyllite (7 1.645; 
2V, 70°) is a major constituent of 50481, which 
contains also quartz, biotite. and andesine. A 
few remnants of hypersthene in the antho- 
phyllite suggest that the amphibole formed 
from orthopyroxene as a result of retrograde 
leactions. Minor accessories in the granitic 
gneisses include magnetite, apatite, rounded 
zircon and monazite, epidote, and muscovite. 

2. The cordierite-hearing rocks (e.g. 46687, 

50482 ) are fairly massive in hand specimen, 
but in thin section they are usually gneissic 
due to rough concentration of biotite into 
bands. The normal mineral assemblage is 
cordierite-quartz-garnet-bioUte-sillimanite. The 
cordierite and quartz are xenoblastic. the 
former strongly pinitised. Pink garnet 
(n 1.786 - 1.793) occurs as large poikiloblasts 
with numerous inclusions of the other minerals. 
Biotite (X straw, Y Z reddish brown) 
shows a preferred orientation and rare altera- 
ti( 3 n to chlorite. S'illimanite is usually a minor 
mineral, occurring as oriented slender rods with 
slight alteration to muscovite. Leucoxenised 
ilmenite and plagioclase are normally present 
in small amounts. Rare accessories are zircon 
and monazite (with pleochroic haloes in 
cordierite), apatite, magnetite, and hematite. 
In 50483 sillimanite constitutes about 60% of 
the rock, cordierite and biotite making up the 
remaining 40%. Specimen 33930 contains the 
assemblage cordierite-hypersthene-quartz- 
biotite. The cordierite (/i 1.544) is fairly fresh, 
with polysynthetic tw'inning. The hypersthene 
is xenoblastic and strongly pleochroic with X 
pink. Y pale yellow. Z pale green; 7 1.706 

suggesting its composition is Pesi. 

3. The quartzites are medium- to coarse- 
grained. granoblastic, fairly pure quartz rocks 
(e.g. 50484, 50486). They are usually white 
or pale pink but the presence of appreciable 
chrome-muscovite imparts a green colouration. 
The structure varies from massive to blocky 
or flaggy, depending on development of bedding 
and jointing. Bedding surfaces commonly 
show a b - lineation due to preferred orienta- 
tion of mica and sillimanite. The quartz 
occurs in irregularly shaped interlocking grains 
with sutured margins. Extinction is usually 
slightly undulose. and fine dusty inclusions are 
arranged in Boehm lamellae. Muscovite (com- 
monly chrome-muscovite) constitutes up to 5 % 
of the rock, occurring as well oriented flakes 
concentrated in thin bands defining the folia- 
tion f bedding), and as small disseminated 
flakes included within the quartz. Equant 
grains of oligoclase and crosshatched micro- 
cline are fairly rare. Some samples contain 
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up to 3% sillimanite in well oriented rods com- 
monly partially replaced by fine muscovite. Very 
fine, hairlike needles of rutile are abundant 
in nearly all specimens examined. The needles 
are continuous across quartz grain boundaries 
and may or may not show a strongly preferred 
orientation parallel to the megascopic lineation. 
The TiO. content of 50488 is 0.95%. Rare ac- 
cessories are apatite, magnetite, hematite, 
rounded zircon and rutile. 

4. The metajaspilites are finely banded, 
fine- to medium-grained granoblastic rocks. 
Small-scale folding has been developed in 
places, either by slumping in the original 
sediment or by tectonic processes during meta- 
morphism. These rocks show great diversity in 
mineral assemblages reflecting variations in 
chemical composition <see Table H. Quartz and 
magnetite are ubiquitous major constituents, 
and may be accompanied by either ortho- 
pyroxene or grunerite, or both. Garnet, ferro- 
augite. and hornblende are possible additional 
minerals in the orthopyroxene-bearing varieties. 
Feldspar is very rare. 
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Quartz and magnetite are xenoblastic and 
show a tendency towards segregation into nar- 
row bands. Orthopyroxene *eulite) is strongly 
pleochroic with X= pink, Y— yellow, Z green; 
a= 1.733 - 1.745. 1.747 - 1.755, 7 1-752 - 1.762; 

5= 0.017-0.019; 2Vx= 63° -77®; suggesting a 
composition range Fero-Fena; average Fera, Ex- 
solution lamellae parallel to (100) are rarely 
well developed, and magnetite inclusions are 
common. Marginal alteration to finely fibrous 
amphibole (giunerite?) is fairly common, espe- 
cially on grain margins in contact with quartz. 
Grunerite occurs mainly as polysynthetically 
twinned prismatic grains and closely associated 
fibrous aggregates. Almandine garnet (n 
1.804 - 1.811) occurs as irregularly shaped pink 
grains containing quartz and magnetite inclu- 
sions. Ferroaugite (about Ca.HMg 26 Pe 3 o) is pale 


green with /3= 1.706 - 1.710, 2V, = 54° - 55°, and 
polysynthetic twinning. Hornblende (X yel- 
lowish green, Y= dark green, Z= dark bluish 
green; Zac = 22°; ^ 1.710-1.713) is a minor 

constituent. Andesine. An.H?, was found in one 
specimen only (50492). Apatite needles are very 
rare. 

5. The basic granulites are fine- to medium- 
grained rocks with granulose texture. Rarely a 
preferred orientation of hornblende or biotite 
results in a weakly developed foliation. Banding 
is usually absent. The assemblage plagioclase- 
calcicaugite-hypersthene-homblende ± biotite is 
most common. The ultramafic assemblages 
hornblende-calcicaugite-hypersthene ± biotite 
and hornblende-hypersthene ± spinel are re- 
latively rare, and are found only in close asso- 
ciation with the plagioclase-bearing variety. 

TABLE 2 
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The optical constants and optically derived 
compositions of the major minerals in a number 
of representative specimens are set down in Table 
2. Plagioclase is usually unzoned labradorite, or 
bytownite but normal zoning has been observed. 
Twinning is limited to the albite and pericline 
laws. Calcicaugite (pale green) and hypersthene 
(X= pink. Y= neutral or pale yellow, Z— pale 
green) are more Fe-rich and Mg-poor in the 
plagioclase-bearing rocks than in those without 
plagioclase. The hornblende normally appears 
to be in textural equilibrium with the pyroxenes, 
and has the pleochroic scheme X= light brown. 
Y dark brown, Z= dark greenish brown in 
the plagioclase-bearing rocks, and X straw. 
Y= yellowish green. Z= green in rocks without 
plagioclase. The occurrence of biotite (X=^ 
straw, Y= Z= dark brown or reddish brown) 
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is limited. VeiT dark green, almost opaque 
xenoblastic spinel may constitute up to 5% of 
rocks lacking plagioclase. Magnetite and apatite 
are minor accessories. Actlnolite, chlorite, and 
talc are locally present as secondary minerals. 

Chemical analyses of a plagioclase-bearing 
granulite and a plagioclase- free granulite are 
given for comparison in Table 3. It can be 
seen that the optically derived pyroxene com- 
positions reflect the MgO and total iron • as 
FejO:,) content of the rocks. 

TABLE 3 
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6 . The ultrabasic rocks. Three main vari- 
eties — namely serpentinite <46811, 50508). tremo- 
lite-actinolite rocks (50513-50515) and talc rocks 
(34497, 505161 — have been recognised. 

The serpentinites are dark green, massive, 
fine-grained rocks composed mainly of antigorite 
with characteristic mesh texture. Larger flakes 
of colourless chlorite with Berlin blue interfer- 
ence colour are widely scattered. Abundant 
magnetite is distributed along cracks and 
around relict grain boundaries, but the shapes 
of the latter are not sufficiently diagnostic to 
permit confident identification of the primary 
mineral assemblage. Slight replacement by pale 
brown chalcedony and incipient alteration to 
fine talc are fairly common. Cross-fibre chryso- 
tile veins are small and rare. 

The trcmolite-actinolite rocks are pale green 
and commonly weakly schistose due to the 
orientation of rod-like amphibole prisms. The 
amphibole varies from actinolite, Fean (7 1.649; 

2Vx 88 °: X= colourless, Y Z very pale 
green) to tremolite, Feii (7 1.639; 2V*= 71°; 

colourless). Fine disseminated magnetite is 
common. Tremolite rocks show strong altera- 
tion to talc. Increasing iron content of the 
amphibole is associated with a decrease in the 
degree of alteration, and pale green chlorite be- 
comes the dominant alteration px'oduct, with 
laic subordinate. 

The talc rocks are massive, pale grey, fine- 
grained and soft. They consist of a fine aggre- 
gate of talc, rare phlogopite (X colourless, Y— 


Z yellowish brown) and abundant magnetite 
distributed around relict grain boundaries in 
the same manner as in the serpentinite, sug- 
gesting derivation from the latter rock. 

Remnants of primary minerals were found in 
one sample only — namely 44626. a talc-cumming- 
tonite-bearing orthopyroxenite. This rock is 
composed mainly of bronzite, Feia < 7 = 1.680) in 
ciTstals up to 15 mm long, fairly extensively 
replaced by talc. Subhedral, pale green cum- 
mingtonile of possible secondary origin is com- 
mon. Minor constitutents are magnetite, chlor- 
ite. and rare antigorite pseudomorphs after 
olivine ( ? ) . The texture of this pyroxenite does 
not closely resemble the relict textures in the 
serpentinites and talc rocks, so the original 
identity of these two rocks remains uncertain. 

Petrogenesis 
Metamorphic Facies 

Most of the rocks described above, represent- 
ing widely different bulk compositions, have 
completely reci*ystallised during high-grade re- 
gional metamorphism. The ultrabasic rocks, 
however, belong to a distinctly lower facies and 
will be discussed separately later. Retrograde 
effects, though common, are not intense, and 
will also be discussed later. The possibility that 
the rocks have been subjected to more than 
one metamorphic event — apart from the events 
which caused the minor, easily recognised down- 
grading — has been considered, but in the absence 
of evidence to the contraiy it is assumed that 
the high-grade assemblages represent a single 
major metamoiphic episode. It is further be- 
lieved that the recrystallisation was syntectonic, 
having coincided with the major period of fold- 
ing. because tabular and elongate minerals are 
commonly oriented with respect to foliated and 
linear structures without showing much evidence 
of strain. 

Neglecting obviously retrograde minerals and 
minor accessories, the typical assemblages en- 
countered in the area are as follows, with 
assemblages and minerals of restricted occur- 
rence shown in parentheses: 

1. Granitic gneisses: 

(a) quartz-microcline-plagioclase-biotite ± 
garnet (± orthopyroxene) 

2. Pel i tic rocks: 

(a) cordierite-quartz-garnet-biotite (- sil- 
limanite) 

(b) (sillimanite-cordierite-biotite) 

(c) (cordierite - orthopyroxene - quartz - 
biotite) 

3. Quartzites: 

(a) quartz (- muscovite-sillimanite ± feld- 
spar) 

4. Metajaspilites: 

(a) quartz-magnetite-orthopyroxene ± 
garnet ± clinopyroxene (± horn- 
blende) 

5. Basic granulites: 

(a) plagioclase - clinopyroxene - orthopy- 
roxene-hornblende (rt biotite) 

(b) clinopyroxene - orthopyroxene - horn- 
blende (± biotite) 

(c) orthopyroxene-hornblende (± spinel) 
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The appearance of orthopyroxene in rocks of 
basic composition is normally accepted as de- 
fining the lower boundary of the granulite 
facies; that is, in basic rocks the assemblage 
plagioclase - clinopyroxene - orthopyroxene - 
hornblende is diagnostic (Turner 1968, p. 320). 
Thus the ubiquitous occurrence of orthopy- 
roxene in the basic granulites at Mt Bakewell 
shows that granulite facies conditions w’ere 
attained. Coexistence of hornblende and 
orthopyroxene in textural equilibrium is a 
characteristic of the hornblende-granulite sub- 
facies. In the plagioclase-bearing granulites 
the hornblende is the brown variety typical of 
the granulite facies, but in the plagioclase-fi-ee 
rocks it is green. 

Evidence that load pressure during meta- 
morphism was low is provided by the presence 
of cordierite in rocks of suitable composition 
(Turner 1968 >. De Waard (1965a) has sug- 
gested that cordierite breaks down under higher 
load pressures according to a reaction such as 
Cord > Aim Sill + Qtz. 

The mineral assemblages of the granitic 
gneisses at Mt Bakewell are common in both 
amphibolite and hornblende-granulite terranes. 
Binns (1964» and Buddington (1963, 1965) have 
shown that garnet develops in quartzo- 
feldspathic rocks as a result of increasing grade, 
and Turner <1968. p. 334 1 states that pre- 
valence of garnet in quartzo-feldspathic rocks 
is characteristic of the granulite facies. De 
Waard (1965b». however, has stressed the im- 
portance of composition as an additional fac- 
tor controlling the occurrence of garnet in 
quartzo-feldspathic rocks, garnetiferous rocks 
being higher in AI 3 O 3 than nongarnetiferous 
rocks formed under the same conditions. At 
Mt Bakewell the appearance of garnet is be- 
lieved to be a reflection of the high grade at- 
tained, but the presence or absence of garnet 
in the granitic gneisses within the area ap- 
pears to be controlled by rock composition. 

Orthopyroxene is widely developed in the 
metajaspilites as may be expected in the granu- 
lite facies. The quartzites, containing “pri- 
mary”, as well as retrograde, muscovite are, 
in view of the foregoing, somewhat anomalous 
because muscovite is foreign to the gianulite 
facies. The reaction 

Muse -h Qtz Sill + K-feld + H 2 O 

is considered to occur under upper amphibolite 
facies conditions (Turner 1968. p. 320). 

Thus within the small area studied assemb- 
lages characteristic of the granulite and amphi- 
bolite facies are intermingled, with hornblende- 
granulite subfacies assemblages predominant. 
This situation is typical of transition zones 
between amphibolite and granulite facies regions 
(de Waard 1965a) where physical conditions of 
metamorphism were presumably appropriate to 
the boundary between these facies. Such zones 
are now accorded transitional facies status: the 
amphibolite-granulite transitional facies (Tur- 
ner 1968). The possibility that a regional 
gradation from amphibolite to granulite facies 
may be recognized in the Jimperding meta- 
morphic belt will be considered later. 

Retrograde effects, though common, are not 
intense and are normally clearly recognisable. 
In the granitic gneisses slight chloritisation of 


biotite is fairly common, and unstable relicts 
of hypersthene surrounded by anthophyllite 
were found in one specimen. Pinitisation of 
cordierite and replacement of sillimanite by 
muscovite are fairly common. In the basic 
granulites alteration of pyroxenes and horn- 
blende to actinolite, chlorite, or talc is rare. 
Fringes of fibrous amphibole on orthopyroxene 
grains are very common in the metajaspilites, 
and in some specimens small unstable relicts 
of orthopyroxene are completely enclosed by 
grunerite aggregates. 

Thus all the rock types found in the area 
.•show evidence of slight downgrading, involving 
development of minerals of the amphibolite 
and greenschist facies. These retrograde 
effects appear to be most extensively developed 
near dolerite instrusions, suggesting a direct 
relationship. Evidence of fairly extensive 
deuteric activity in some dolerites supports the 
conclusion that volatiles from the cooling 
magma probably catalysed retrograde reactions 
as well as providing new materials. However, 
retrograde reactions are not confined to dolerite 
contacts. Localised shearing has also initiated 
fairly strong downgrading. Less pronounced 
effects are uniformly distributed throughout the 
area, possibly as a result of tectonic move- 
ments, or simply readjustment of the rock dur- 
ing cooling in the presence of small amounts 
of water 


The Original Rocks Prior to Metamorphism 


1. Granitic Gneiss — There are at least three 
possibilities for the origin of the granitic 
gneiss: — 


(a) It may be of igneous or meta-igneous 
origin, having been emplaced as large 
granite sills either before or after 
metamorphism. 


(b) It may be the product of granitisation. 
(O It may be the result of recrystallisation 
of a quartzo-feldspathic sediment dur- 
ing regional metamorphism. 

Various interpretations have been made con- 
cerning similar granitic gneisses occurring 
elsewhere in the Jimperding metamorphic belt 
For example Prider (1944) believes that the 
granitic gneisses near Toodyay are of igneous 
origin, while Johnstone (1952) proposes a 
metasedimentary origin for those of the 
Hamersley Siding area, near Mt Bakewell. 

At Mt Bakewell the following observations 
appear to be significant: — 


(a) 


(b) 

(c) 


(d) 


The gneiss is everywhere conformable 
with the quartzite which is an un- 
doubted metasediment. These two 
rocks are commonly interbedded with 
one another over a thickness of a lew 
feet at exposed contacts between them 


are not 


Textures within the gneiss 
igneous, but crystalloblastic. 

Thin metasedimentary bands within 
the gneiss are reasonably continuous 
an unlikely situation for xenoliths in 
an intrusive body. 




that metasomatic processes have widelv 
contributed to the formation of the 
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gneiss. Potassium feldspar showed cor- 
rosion boundaries in very few of the 
many thin sections examined. Further- 
more. the metasediments interbedded 
with the gneiss show no sign of 
granitisation. 

(e) The rounded nature of small grains of 
zircon and monazite is consistent with 
abrasion during a sedimentary cycle. 

Thus the evidence does not support an igneous, 
meta-igneous. or granitisation origin, but it is 
consistent with a metasedimentary origin. If 
isochemical metamorphism is assumed, the 
original sediment was probably arkose or grey- 
wacke. The general abundance of microcline 
suggests a predominance of K-O over Na^O 
which, according to Pettijohn <1957 » is a char- 
acteristic of arkose. but not of greywacke. 

2. The cordierite-bearing rocks occur as 
small conformable lenses in the granitic gneiss. 
Their inferred chemical composition suggests 
that they represent pelitic lenses in the original 
quartzo-feldspathic sediment. 

3. The quartzites are the product of regional 
metamorphism of fairly pure quartz sandstones. 
Most original clastic structures except bedding 
have been obliterated. Minor feldspar and vei*y 
rare fragments of granitic rock appear to be of 
detrital origin and a small amount of clay in 
the original sediment has reci*ystallised to silli- 
manite and muscovite. The origin of chromium 
in the chrome-muscovite is not readily explain- 
ed as there are no chrome-bearing detrital 
minerals present, and chromium-metasomatism 
arising perhaps from ultrabasic intrusions can- 
not be demonstrated by field relationships. 
Rounded grains of zircon and rutile are prob- 
ably detrital. The needle inclusions of rutile 
in quartz are the result of exsolution of TiO*. 
which was possibly originally derived from 
detrital rutile taken into solid solution during 
metamorphism. 

4. The metajaspilites. from their composition 
(Table 1» and field occurrence (interbedded with 
metasediments) are considered to have been 
derived from iron-silica-rich sediments (e.g 
Miles 1946). Metamorphism has destroyed ali 
original sedimentary features except bedding 
(which is now preserved as mineralogical band- 
ing). Therefore the exact nature of the original 
sediment is not evident, but rocks of this typs 
are usually considered to be derived from chemi- 
cally precipitated iron- rich cherts (iron forma- 
tion) in which the iron was present as an 
oxide (hematite, magnetite), carbonate fsiderite. 
ankerite), or silicate (e.g. greenalite) depending 
laigely on Eh and pH at the site of deposition 
(James 1954). Precipitation is likely to be a 
slow process occurring in very quiescent, pos- 
sibly shallow, marine basins of restricted circu- 
lation. in the absence of an influx of detritus. 
Hence if the metajaspilites of Mt Bakewell 
are of chemical, rather than detrital, origin 
they must have been precipitated during teni- 
porai-y pauses in mechanical sedimentation of 
the arkose or greywacke (rocks usually char- 
acterised by rapid deposition) with which they 
were interbedded. 


5. The basic granulites: Recrystallisation 
during metamorphism has destroyed the original 
textures, so field relationships and chemical 
composition are the only criteria that can be 
used to identify the parent rock. The basic 
granulites occur as conformable bands and 
lenses in the gneiss and therefore may be inter- 
preted as sedimentary layers or intercalated 
basic sills or flows. The plagioclase-bearing 
granulites are chemically similar to basalt, basic 
tuff, and (in view of their high CaO content) 
impure limestone, whereas the less common 
granulites lacking plagioclase chemically re- 
semble olivine basalt (Table 3) and impure 
dolomite. 

The field relationships between the two vari- 
eties of granulite are not clear due to poor out- 
crop but they are commonly closely associated. 
Hence these rocks may be the products of differ- 
entiation in basic sills or flows; they may repre- 
sent original variations in an impure carbonate 
sediment; or they may be the product of meta- 
morphic differentiation of some appropriat3 
rock. The first possibility is preferred. 

6. The ultrabasic rocks occur as thin bodies 
conformable with the metasediments. The fol- 
lowing problems must be considered: 

(a) The nature of the original rock. 

(b) The time of emplacement relative to 
folding and metamorphism. 

(a) The nature of the original rock: Although 
discordant contacts have not been found, the 
ultrabasic rocks are believed to be of igneous 
origin because of their inferred chemical com- 
position, the presence of occasional relict tex- 
tures interpreted as being igneous in character, 
and the occurrence of enclosed blocks of 
granitic gneiss with the appearance of xenoliths. 
Derivation from an orthopyroxenite parent ap- 
pears probable at one locality but normally 
remnants of the original minerals are not 
present and the relict textures do not permit 
reliable distinction between dunite, peridotite. 
pyroxenite, etc., so the identities of the original 
rocks remain uncertain. 

(b) The time of emplacement: The ultrabasic 
rocks show vai-ying degrees of alteration and 
deformation. The serpentinite with relict 
(igneous?) texture is undeformed, and talc 
rocks, which appear to have been derived with- 
out deformation from the serpentinite, grade 
laterally into slightly foliated tremolite-actino- 
lite rocks (locally downgraded to chlorite -|- 
talc). These mineral assemblages are charac- 
teristic of the greenschist facies, and the ultra- 
basics therefore represent a much lower grade 
of metamorphism than the other rocks of the 
area. Two interpretations may be offered. 
Either the ultrabasics were (i) emplaced before 
the main metamorphic episode but have been 
extensively downgraded, or (ii) emplaced after 
the main phase of metamorphism. 

The first possibility seems unlikely in view of 
the presence of relict textures of probable 
igneous character, and the complete absence of 
relicts of higher-grade metamorphic assem- 
blages. Notwithstanding their probable high 
water content it is unlikely that the ultrabasics 
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should experience such intense selective down- 
grading It is more likely that they were em- 
placed after the highest metamorphic grade was 
attained, probably during waning metamorphism. 
Elkington (1963» reached a similar conclusion 
regarding the extensively altered bronzite pert- 
dotite body in a more northerly exposure of the 
Jimperding metamorphic belt at Nunyle. The 
ultrabasic I'ocks at Mt Bakewell and Nunyle 
are cut by, and therefore older than, the dolerite 
dykes. 

7. Original Tectonic Environment of Sedi- 
mentation. Recognition of the original tectonic 
environment of sedimentation is difficult be- 
cause metamorphism and deformation have 
obliterated sedimentary textures and structures, 
and left the original identity of some rock types 
in doubt. The question as to whether the gran- 
itic gneiss was derived from arkose or greywacke 
< rocks typical of contrasting tectonic environ- 
ments) is of considerable importance with re- 
gard to the original environment of sedimenta- 
tion, particularly as the granitic gneiss is by 
far the major component of the sequence. The 
original association in the Mt Bakewell area 
was possibly greywacke wdth minor shale lenses, 
quartzite, iron formation, and basic volcanics. 
Several similar Precambrian associations are 
known. 

Pettijohn (1943) describes the association of 
greywacke. ophiolitic igneous material, minor 
slate, and thin, discontinuous lenses of iron 
formation from the Archaean of the southern 
Canadian Shield. This association, which lacks 
quartzite, he ascribes to a eugeosynclinal 
environment of sedimentation. 

James (1954, 1955) describes the Upper 

Huronian section of northern Michigan which 
comprises mainly greywacke, slate, and basic 
volcanics, with fairly common conglomerate, 
quartzite, and iron formation. James believes 
that this association is eugeosynclinal, the iron 
formation having been chemically precipitated 
in shallow, restricted basins during periods of 
deep chemical weathering while clastic con- 
tributions to the basins were almost nil (James 
1954, 1966) Periodic influx of clastic material, 
now represented by rocks such as greywacke and 
quartzite, represent intervals of structural dis- 
turbance during which chemical weathering be- 
came subordinate to physical disintegration of 
the land surface. 

The lithological similarity of the Upper 
Huronian of northern Michigan and the 
Archaean of the southern Canadian Shield to 
the possible original association in the Mt 
Bakewell area suggests analogous tectonic en- 
vironments of deposition. Hence the Mt Bake- 
well rocks may have been laid down during the 
eugeosynclinal phase of an orogenic cycle. Rapid 
clastic sedimentation, yielding greywacke. 
quartzite, and minor shale, predominated, but 
thin lenses of iron formation were chemically 
precipitated in restricted basins that were tem- 
porarily not receiving an influx of detritus. 

Evidence that may be taken as contrary to 
the eugeosynclinal sedimentation hypothesis in- 
cludes the possible, though rare, occurrence of 
current bedding in the quartzite, and the rela- 
tively restricted occurrence of basic volcanic 


material. If the granitic gneisses are meta- 
arkoses, rather than metagreywackes. a post- 
orogenic basin or fault trough environment 
seems more likely. 

Structure 

The structural interpretation is based on field 
observations only. Petrofabric work has not 
been attempted, but is strongly recommended 
as an avenue for further study. The structure 
of the area is complex, and interpretation is 
further complicated by the scarcity of minor 
structures to indicate facing in the succession 
and by the discontinuous nature of many dis- 
tinctive marker bands, due both to original 
lensing and to boudinage during deformation. 
Lithologically distinctive units such as the 
ultrabasic rocks and basic granulites. though 
generally conformable with the metasediments 
and occupying reasonably consistent positions 
in the succession, are not reliable as markers 
because of their likely intrusive origin. The 
quartzite proved to be most valuable in deter- 
mination of the structure. Due to its resistance 
to erosion, outcrop is almost continuous, and it 
contains significant features such as b - linea- 
tion, fracture cleavage, drag folds, and possible 
relict current bedding. 

Folding 

Three sets of folds have been recognised and 
these are believed to be the product of at least 
tw'o, and possibly three, phases of folding. The 
following observations are significant in the 
determination of the major structure. 

1. The foliation and original bedding are 
usually mutually parallel. Pi'om Mackies Sid- 
ing west to the summit of Mt Bakewell (a dis- 
tance of 2i miles) the metasediments strike ap- 
proximately W.-E. and dip gently north. At 
Mt Bakewell the strike swings northwards to 
NNW.-SSE. (dip ENE.) and continues thus for 
a further 2i miles. 

2. Sillimanite, amphiboles. and micas com- 
monly provide a mineral lineation with a fairly 
consistent NW.-SE. trend. Between Mt Bake- 
W'ell and Mackies Siding the lineation plunges 
gently NW., but north and west of Mt Bakewell 
the plunge is normally to the SE.. though re- 
versals are common. It is believed that this 
is a b - lineation developed during the main 
period of metamorphism and deformation, and 
that it defines the major axis of folding. 

3. Extended traverses normal to the regional 
strike encounter repetitions and reversals of the 
sequence without reversals of the dip. 

4. Minor structures indicating facing in the 
succession are rare. On the SW. escarpment 
of Mt Bakewell drag folds in the quartzite at 
Glow, 160S (Pig. 3). and in the gneiss at 008W. 
156S and 025W. 138S suggest overturning. The 
succession exposed on the northern dip-slope 
of Mt Bakewell appears to be right-way-up. 
suggested by drag folds in the gneiss at b92E. 
090S, and by structures resembling relict cur- 
rent bedding in the quartzite at several locali- 
ties. 

From these observations it is concluded that 
the metasediments were initially folded iso- 
clinally about axial planes striking NW.-SE. 
(parallel to the mineral lineation) and dipping 
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Figure 3. — Drag folding in quartzite at OlOW, 160S. 
looking NW. The relationship between the drag fold 
axial planes and bedding planes (dip and strike indi- 
cated by clinometer arms) suggests the overturned 
limb of a recumbent isoclinal fold. 


gently NE. A generalised reconstruction of the 
isoclinal folding is presented in Figure 4. Mt 
Bakewell is the surface expression of an anti- 
cline, overturned to the SW. and almost re- 
cumbent. The other folds illustrated in Figure 
4 are not certain. 


The present curvature of the axial surface 
traces and the change of the regional strike 
at Mt Bakewell from W.-E. to NNW.-SSE., ac- 
companied by reversal of the b - lineation 
plunge from NW. to S*£., are interpreted as the 
results of superimposed warping of the iso- 
clinal folds into a broad NE.-plunging synform. 
This warping may have been synchronous with 
the isoclinal folding. 

Minor open concentric folding about axes 
trending E.-W., associated with steeply dipping, 
E.-W. -striking fracture cleavage, is evident in 
the quartzite at many localities throughout the 
area (Fig. 5). This folding has warped the 
mineral lineation described previously, and 
therefore occurred after the isoclinal folding 
and metamorphism, probably at a time when 
the rocks were in a relatively more brittle state. 

The fold systems described above are believed 
to represent successive deformation phases of 
a single erogenic cycle, rather than imrelated 
events. 

Faulting 

Small shear zones dipping gently NE. occur- 
ring in the axial region of the anticline at Mt 
Bakewell suggest minor thrusting along the 
nearly recumbent axial plane during isoclinal 
folding. The association of retrograde meta- 
morphism with these shear zones in turn sug- 
gests that isoclinical folding movements may 
have continued after the period of maximum 
metamorphic intensity. 

The presence of minor nearly vertical faults 
trending approximately NW.-SE. is suggested 
by several narrow silicified brecciated zones in 
the SW. part of the area. The direction of 
movement is generally not evident, but at 034W, 



Figure 4. — Generalised reconstruction of isoclinal folding at Mt Bakewell. 
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123S drags in the gneiss suggest north block 
relatively upwards. The displacement is prob- 
ably not large. At least some of the high-angle 
faulting post-dated dolerite intrusion. 

Regional Considerations 

Wilson (1958) has defined an area in the 
Wheat Belt region of southwestern Australia 
in which granulite facies rocks are exposed. The 
western boundary of this area is a NNW.- 
trending line through the Bolgart, Northam, 
York, and Brookton areas separating the high- 
grade (granulite facies) rocks to the east from 
the medium-grade (amphibolite facies) rocks to 
the west. The suggestion by Wilson that this 
boundaiT niay be a major fault is strongly sup- 
ported by geophysical evidence. A zone of 
active seismicity, known as the Yandanooka- 
Cape Riche Lineament, follows the boundary 
along a SSE. projection of the Urella Fault to 
Cape Riche (Everingham 1966). Since this 
boundary (fault?) passes close to Mt Bakewell 
an examination of the nature of this change in 
metamorphic grade is pertinent to this paper. 
If the increase in grade is sharp it seems likely 
that the higher-grade rocks may have been 
considerably uplifted into juxtaposition with 
the lower-grade rocks to the west. Alternatively, 
if a gradual increase in grade from west to 
east is discernible, the fault may not be en- 
tirely responsible for the surface exposure of 
the granulites. 

On the basis of field observations and a sur- 
vey of relevant literature the author believes 
that the Jimperding belt exhibits a pronounced 
progressive increase in metamorphic grade from 
west to east. Pelitic and basic rocks W'ere found 
to be the most useful indicators of grade, and 
these have been used to establish three zones, 
which are most fully exposed along the latitude 
of Toodyay. The grade Increases from Zone A 
in the west to Zone C in the east (Pig. 1). 

The exposures of the Jimperding metamorphic 
belt west of Jimperding Brook comprise Zone 
A. Here pelitic rocks have recrystallised to 
quartz-biotite-muscovite schists in which the 


more aluminous bands may contain abundant 
andalusite. Of the other index minerals stauro- 
lite and kyanite are absent, whereas garnet and 
sillimanite are very rare. Basic rocks of this 
zone contain blue-green hornblende, sodic 
plagioclase and minor quartz, epidote, and 
sphene. Clinopyroxene is a possible additional 
constituent. 

In Zone B andalusite disappears and silli- 
manite becomes common in pelitic rocks, where- 
as basic rocks are similar to those of Zone A. 
Zones A and B belong to the amphibolite facies. 

The western margin of Zone C. the highest 
grade zone, is defined by the appearance of 
orthopyroxene in rocks of basic composition. 
More or less coincident with the appeai'ance of 
orthopyroxene are the disappearance of sphene 
and epidote. the change in colour of hornblende 
from green to brown, and a change in the 
composition of plagioclase to andesinc or labra- 
dorite. Thus the typical basic assemblage be- 
comes plagioclase-orthopyroxene-clinopyroxene- 
hornblende. Pelitic rocks in Zone C usually 
contain cordierite. quartz, feldspar, garnet, bio- 
tite. and sillimanite in various combinations. 
Muscovite is absent. The Mt Bakewell area 
lies in Zone C close to the orthopyroxene isograd. 

The orthopyroxenc isograd marks the first 
appearance of orthopyroxene in basic rocks. 
However, orthopyroxene occurs in metajaspilites 
and rocks related to cordierite-anthophyllite 
rocks in Zone B within about 2 miles of the 
orthopyroxene isograd, and basic rocks lacking 
orthopyroxene may be found in Zone C near the 
isograd. Hence it appears that the boundary 
between Zones B and C (the amphibolits- 
granulite facies boundary) is somewhat grada- 
tional. The orthopyroxene isograd appears to 
coincide with the western margin of the fault 
zone associated with the Yandanooka-Cape 
Riche Lineament, and it is possible that granu- 
lite facies rocks have been brought closer to 
the surface by uplift of the eastern block. 
However, since it is believed that a fairly 
gradual lateral transition from amphibolite 
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Figure 6. — Aluminium silicate phase diagram and the 
curve (XY) of unlvarlant equilibrium for muse i qtz 
^ K-feld -j- AliO;» +H 2 O. both as preferred by Turner 
(1968). The line ABC represents the likely conditions of 
metamorphism in Zones A. B. and C along the lati- 
tude of Toodyay. The line A’B'C’ may be a closer ap- 
proximation to the conditions In certain areas south 
of Toodyay. The boundary between Zones B and C 
(the orthopyroxene isograd) Is drawn somewhat arbi- 
trarily, but It should lie on the hlgh-temperature side 
of the curve XY Blnns (1964) has estimated that the 
orthopyroxene isograd at Broken Hill represents about 
750'-800‘^C. but the occurrence of muscovite In quartz- 
ite suggests a slightly lower value at Mt Bakewell. 

facies in the west to granulite facies in the 
east is recognisable, the fault is probably not 
alone responsible for the exposure of the higher- 
grade rocks. 

The likely P-T conditions of the three zones 
described above can be represented on the 
aluminium silicate phase diagram by the line 
ABC in Figure 6. The occurrence of andalusite 
in Zone A and cordierite in the higher-grade 
zones suggests that pressure during metamor- 
phism was relatively' low. Indeed the sequence 
of zones is comparable with the andalusite- 
sillimanite type of metamorphic facies series 
which is considered by Miyashiro flQCl) to be 
indicative of low pressure. 

A variation from the sequence of zones de- 
scribed above is suspected in the Jimperding 
belt south of Toodyay. Zone A cannot be 
traced very far to the south as it is truncated 
by a large granite batholith. However, the 
pelitic rocks in Zone B immediately east of this 
batholith in places contain minor kyanite in 
addition to sillimanite < Simpson 1936. Johnstone 
1952) whereas andalusite is absent. The per- 
sistence of kyanite instead of andalusite in the 
sillimanite zone is typical of the andalusite-silli- 
manite facies series, and suggests that south of 
Toodyay the pressure during metamorphism was 
higher than further north (Fig. 6). Structural 
evidence in the Jimperding metamorphic belt 
suppeprts the suggestion that the occurrence of 
kyanite in preference to andalusite is a conse- 
quence of higher pressure, since andalusite oc- 
curs only in the regions where the folding is re- 
latively open, whereas kyanite appears in more 
tightly folded rocks. Unfortunately, owing to ex- 
tensive encroachment by a granite batholith 


upon the lower-grade metamorphic zones, the 
distribution of kyanite and andalusite is not suf- 
ficiently well known to determine whether pres- 
sure varied in an irregular manner or increased 
progressively frem north to south. In any case 
tne Jimperding metamorphic terrane exhibits 
some of the characteiistics of the kyanite-silli- 
manite facies series as well as those of the an- 
dalusite-sillimanite series, and is therefore com- 
parable with the low-pressure intermediate ser- 
ies of Miyashiro (1961). 

To summarise, it appears that at least three 
zones representing progressive increase in grade 
of regional metamorphism from west to east 
can be recognised in the Jimperding belt, and 
that temperature was the major factor con- 
trolling the grade. In addition, variations in 
pressure controlled the occurrence of andalusite 
or kyanite in the lower grades. It must be 
stressed that the zonal sequence outlined above 
is proposed somewhat tentatively. Further de- 
tailed work is necessai'y to establish this 
sequence and it is likely that additional isograds 
may be recognised. 

Igneous Rocks 
Petrography 

1. The adamellite (50520) is a fine-, even- 
grained rock with allotriomorphic granular 
texture, and shows little petrographic variation, 
Plagioclase. microcline, and quartz in sub-equal 
amounts are the major constituents. Plagio- 
clase is oligoclase-andesine, normally zoned 
from AniB (margin) to An^- (core), and twinned 
on the albite and pericUne laws. Alteration to 
saussurite and sericite is moderate and some 
grain margins are myrmekitic. Microcline is 
crosshatched and weakly perthitic. Scattered 
flakes of biotite (X= light brown. Y Z= dark 
brown) constitute about 5% of the rock. Minor 
accessories include euhedra of pyrite. apatite, 
zircon, and sphene. 

2. Dolerite, The proposed classification of the 
numerous dolerite intrusions has been outlined 
in the General Geology section. The various 
types are described below. 

(a) The altered quartz dolerite (50522) is a 
holocrystalline. medium-, even-grained green- 
ish grey rock with subophitic texture. Sub- 
hedra! plagioclase is almost completely altered 
to saussurite. sericite. and chlorite. The 
pyroxene is pale pinkish augite with fi= 1.696 
and 2V«= 48“, indicating an average composi- 
tion of about CaloMg3.^Fe22. Pigeonite is very 
rarely present and orthopyroxene has not been 
observed, although the appearance of some par- 
tially altered pyroxene grains suggests that 
cores and exsolved plates of a calcium-poor 
phase may have been preferentially altered. 
Hornblende (X -straw, Y brown. Z= dark 
yellowish green) occurs as reaction rims on 
augite and as rare discrete grains. Biotite 
iX straw, Y^Z= dark brown), occurring as 
clustered flakes and reaction rims on horn- 
blende. IS a minor constituent of some speci- 
mens (e.g. 50523). Fibrous uralite (X= yellow, 
Y= green, Z - bluish green) and pale green 
chlorite are abundant marginal alteration pro- 
ducts of pyroxene and hornblende. Secondary 
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epidote is fairly common. Interstitial micropeg- 
matitic quartz-orthoclase intergrowths consti- 
tute about 5% of the rock. Ilmenite and mag- 
netite are common accessories, whereas apatite 
and pyrite are fairly rare. 

(b) The quartz-orthopyroxene dolerite (e.g. 

50524) has a similar appearance and textuie 
to the altered quartz dolerite. The plagioclase 
is subhedral andesine-labradorite, normally 
zoned from An^ (margin) to An«n (core). The 
dominant pyroxene is pale pinkish brown augite 
with variable composition, as indicated by the 
range of 2V* from 33° to 51 . A 2V* variation 
of up to 12' has been recorded from single 
specimens, but the normal value is about 46'', 
with p 1.696, suggesting an average composi- 
tion of Ca.isMga»Pe 23 . Subordinate amounts of 
pigeonite t2V. 0°-10°; rarely with <001) ex- 
solution lamellae), commonly enclosed by 
augite, occur in many specimens. In most 
samples examined orthopyroxene is present, 
constituting up to 30% (commonly about 
10%) of the total pyroxene content. The 
orthopyroxene is bronzite (about Fe, 7 , with 
7 " 1.698. 2V,i= 66°), and usually forms dis- 

crete subhedral grains extensively replaced by 
chlorite and minor talc (e.g. 46293, 46297). 
Rarely (e.g. 34475) it occurs as irregular patches 
enclosed in pigeonite, suggesting that in some 
rocks at least, the orthopyroxene is the product 
of pigeonite inversion. Hornblende, biotite, and 
iron ores have similar properties and occur- 
rence as in the altered quartz dolerite. Minor 
interstitial quartz and micropegmatite occur in 
most samples. Apatite and pyrite are rare. 
Alteration of plagioclase to saussurite. and 
clinopyroxenes to uralite and chlorite is much 
less intense than in the altered quartz dolerite 
but localised epidotisation may be very strong. 

The basaltic plagioclase-auaite-vhyric dolerite 
(50528. 50529) is a black rock with an aphani- 
tic groundmass enclosing phenocrysts of plagio- 
clase and augite. The phenocrysts, which con- 
stitute 15-25% of the rock, form subophitic 
aggregates to give a glomeroporphyritic texture. 
The plagioclase is subhedral labradorite- 
bytownite. normally zoned from Aum (margin) 
to An75 (core). The augite is subhedral to 
anhedral, with fi 1.696, 2V« 48' indicating 

CaioMgikFes*. Pigeonite and orthonyroxene have 
not been identified. The groundmass is com- 
posed of very fine laths of plagioclase with inter- 
granular pyroxene and iron ore. Glass was 
not observed. 

(c) The basaltic plagioclase-phyric dolerite 
(50531. 50532) is composed of microscopic 
phenocrysts of plagioclase (labradorite; norm- 
ally zoned from Aum (margin) to Aiim (core)) 
in an aphanitic groundmass of plagioclase laths 
with intergranular pyroxene (augite?) and iron 
ore. Phenocrysts of augite are rare, olivine 
very rare. Pyrite spheroids about 2 mm in 
diameter are abundant in some samples. Altera- 
tion of augite to chlorite is not unusual. Glass 
occurs in some specimens. 

Petrogenesis 

1. The adamellite dykes have sharp dis- 
cordant margins suggesting intrusive emplace- 
ment. Radiometric Rb-Sr dating has shown 
that they are approximately the same age 


(about 2,800 m.y.) as the regional metamor- 
phism in the area (Martin 1961). The dykes 
are probably i*elated to the large, apparently 
intrusive, adamellite batholith outcropping 
about 4 miles west and south of Mt Bakewell, 
and they may represent a more mobile fraction 
of a large amount of palingenetic magma 
generated during regional metamorphism. Em- 
placement probably occurred during the closing 
stages of the orogeny. 

2. Dolerites. The order of emplacement of 
the various dolerite intrusions has been stated 
in the section dealing with General Geol()gy. 
Lack of metamorphic effects in the dolerites 
suggests that emplacement post-dated regional 
metamorphism, though it is admitted that 
alteration in the quartz dolerites may be due 
to weak metamorphism. The following section 
briefly mentions some aspects of the cooling 
history of the rocks, and suggestions regarding 
tectonic control of emplacement are made. 

(a) The altered quartz dolerite: — The petro- 
graphy of these rocks suggests that they have 
tholeiitic affinities, and the presence of nornia- 
tive hypersthene and very minor normative 
olivine (Table 4) places them close to saturated 
tholeiite (after Yoder and Tilley 1962). Due 
to extensive alteration little can be said regard- 
ing the cooling history of the pyroxenes. The 
only fresh pyroxene present in most specimens 
is augite but textures suggest that a calcium- 
poor phase occurring as cores and exsolved 
plates in the augite may have been preferentially 
replaced by uralite and chlorite. The horn- 
blende and biotite appear to be of late mag- 
matic origin and the micropegmatite is the re- 
sult of late crystallisation of an acid residuum. 
The alteration of plagioclase and pyroxene is 
probably deuteric. 

Most of the altered quartz dolerite dykes 
trend NNW.-SSE. parallel to the dominant 
tectonic trend throughout most of the West 
Australian Precambrian shield. The factors 
controlling emplacement of these intrusions are 
not known; the preferred trend is not easily 
related to tension zones associated with fold 
structures in the surrounding rocks. 

<b) The quartz-orthopyroxene dolerites are 
petrographically tholeiitic. and because of the 
pres€nc(^‘ of normative quartz and hypersthene 
(Table 4) may be classified according to Yoder 
and Tilley (1962) as oversaturated tholeiites. 

The occurrence of orthopyroxene, pigeonite, 
and augite together is interesting, but the avail- 
able evidence concerning the pyroxene crystal- 
lisation history is somewhat inadequate and 
contradictory. The chilled marginal facies of 
these intrusions contains augite as the only 
phenocrystal pyroxene, which may suggest that 
augite was the first pyroxene to crystallise. In 
contrast, grain relationships in the cores of the 
intrusions (which are chemically similar to the 
margins — see Table 4) strongly suggest that 
calcium-poor pyroxene began to crystallise be- 
fore the augite. The original identity of the 
Ca-poor phase — whether orthopyroxene or 
pigeonite — is also in doubt. In some rocks 
orthopyroxene occurs as small, diffuse and irre- 
gular patches in pigeonite, suggesting that the 
original Ca-poor pyroxene was pigeonite which 

92 


has undergone incipient inversion to ortho- 
pyroxene. However, in the cores of large intru- 
sions orthopyroxene occurs as discrete prismatic 
grains and pigeonite is very rare. Here the 
orthopyroxene may be primary, having ci*ystal- 
lised instead of pigeonite at a temperature below 
the inversion curve (Browm 1957. Pig. 5). This 
suggestion is supported by a comparison of the 
orthopyroxene composition (about Fei;?) with 
Brown’s data. Alternatively the orthopyroxene 
may be the result of complete inversion of 
original pigeonite during slow sub-solidus cool- 
ing. The exsolution textures normally asso- 
ciated with inverted pigeonite are not evident, 
but extensive alteration precludes a confident 
statement to the effect that the orthopyroxene 
is primary. 

As in the altered quartz dolerite. hornblende 
and biotite are late magmatic, and the micro- 
pegmatite represents a final acid residuum. 
Deuteric effects are much less pronounced than 
in the altered dolerite. suggesting that the 
quartz-orthopyroxene dolerite magma possessed 
a lower volatile content. 

The quartz-orthopyroxene doleiite dykes nor- 
mally trend about NW.-SE.. but they swing loc- 
ally to a W.-E. trend, parallel to a fracture 
cleavage well developed in the country rocks, 
as they cross tension zones associated with pre- 
intrusion W.-E. crossfolding (see Geological 
Map) . 

The magnetic polarity of these rocks has been 
studied by Gregson (1961) who concluded that 
lightning strikes were responsible. 

The basaltic plagioclase-augite-phyric dolerite 
intrusions are petrographically and chemically 
(Table 4) identical with chilled margins of the 
quartz-orthopyroxene dolerite dykes and the 
author agrees with Martin (1961) that these 
rocks are comagmatic. Field evidence supports 
this conclusion. 

(c) The basaltic plagioclase-phyric dolerites 
occur as small rapidly chilled tholeiitic intru- 
sions that were emplaced both before and after 
the two major varieties of dolerite (cf. Martin 
1961). The chemical analysis of a sample of 
this rock type quoted from Martin (1961) in 
Table 4 shows (with the exception of the SiOa 
content) similarities to the analysis of altered 
quartz dolerite, but a genetic relationship has 
not been established. 

Summary of Conclusions 

The geology in the Mt Bakew^ell area is simi- 
lar to exposures of the Jimperding metamorphic 
belt elsewhere. Granitic gneisses, cordierite- 
bearing rocks, quartzite, metajaspilite, and 
basic granulites are the products of Early Pre- 
cambrian syntectonic high-grade regional meta- 
morphism of a deeply buried sedimentary 
sequence which included arkose or greywacke 
with shale lenses, quartz sandstone beds, thin 
bands of iron formation, and intercalated 
basaltic sills or flows. Isoclinal folding about 
axes trending NW.-SE. accompanied meta- 
morphism and produced, at Mt Bakewell, a 
nearly recumbent anticline whose axial plane 
dipped to the NE. Superimposed warping of 
the isoclinal folds has resulted in a broad 
NE.-plunging synform. 


TABLE 4 


Chentiral andlffnex ntul uorwx of dolfrUt'x from thr Ml Hnkru'fU Area 
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44.'>1»C> 

:t4475 

:U49.'> 

34480 

34487 

SiOa 

47-l»7 

49-98 

49 ■ 75 

49-76 

52-52 

TiO, 

2 • (M) 

0-88 

113 

1 15 

1 59 


1 4 SH 

13-91 

14-59 

14-57 

19-47 

lM*,()a 

2(i» 

2-2.’> 

1-10 

1-12 

1 90 

FpO 


9-59 

10-59 

10-42 

9-72 

MhO 

OKI 

1)14 

0 14 

0-14 

0 14 

MirO 

4 4« 

7-97 

7-34 

7-33 

4 94 

CaO 

U07 

11 iir) 

11 - .’>9 

11 90 

8-92 

Na,() 

2-29 

1 72 

1 -72 

1 72 

2 42 

KjO 

l-9:t 

0-13 

0-29 

0-29 

0-29 

H,()^ 

1 -89 

1 • 90 

1-49 

1*30 

0-47 

11,0 

oim 

0- 19 

015 

0 29 

0-26 

iVh 

0-79 

010 

0 (»9 

0-10 

0-10 

S .. 

0-27 

O^.'V 

0-23 

0-22 

0-19 
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99 -9:1 

100-14 

99 ■ 95 

99 - 87 
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Q 



1-3 

1 -0 

7-4 

or . 

11 -4 

0-8 
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1-9 

1 -9 

Hi) 
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14 5 

14-5 

14-5 

20-5 

an 

24 6 

29 - 9 

31 - 3 

31 -3 

33-3 

(ii 

12-1 

22-4 

21-1 

21-4 

8-9 

liv 

ol 

19-9 

0-8 

22 4 

24 3 

24-9 

21 -4 

lilt 

3-9 

3-3 

1-9 

1 -6 

2-7 

ii 

3-9 

1 -7 

2-1 

•> . 2 

3-0 

ap . 

1 -9 

0-2 

0 2 

0-2 

0-2 

py 

0-5 

0-5 

0-4 

0-4 

0-3 


cjuartz dol»Tit«*. 

:U475 Quart z-orth«ii‘yrox«*m* ilolarlta. 

:i44SK'i (’)iilhMl margin of <nmrtz*orthopyroxaiu* dolerite. 

:U4H(| Itesallic plnu^hMlase-autiite-iiliync dolerite. 

:U4h 7 liasaltie platfiiMdase-pliyrie dolerite. 

Analy.st : I. 1). Martin. 

The mineral assemblages at Mt Bakewell are 
predominantly characteristic of the granulite 
facies, but intermingled amphibolite facies as- 
semblages suggest that conditions of meta- 
morphism were close to the amphibolite- 
granulite facies boundary. On a regional scale 
a progressive inci’ease in metamorphic grade 
from west to east is evident, and Mt Bakewell 
lies in the transition zone between amphibolite 
and granulite facies rocks. Thus the rocks 
of the area are best assigned to the amphi- 
bolite-gi’anulite transitional facies of Turner 
(1968). Minor retrograde effects are widely 
developed. 

The following events occurred during the 
waning stages of orogeny: — 

(i) Emplacement of palingenetic adamellite 
magma probably generated at a lower 
level in the crust during orogeny. 

(ii) Emplacement of conformable ultra- 
basic intrusions at a time when green- 
schist facies conditions prevailed. 

(iii) Mild crossfolding on E.-W. axes. 

There is insufficient evidence to place these 
three events in correct chronological order. 

Intrusion of tholeiitic magma took place after 
regional metamorphism and emplacement of 
adamellite and ultrabasic rocks, and occurred 
in at least three main phases in the following 
order: (i) alterea quartz dolerite, (ii) quartz- 
orthopyroxene dolerite and related basaltic 
plagioclase-augite-phyric dolerite, ( iii ) basaltic 
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plagioclase-phyric dolerite. Intrusion of altered 
quartz dolerite may have preceded E.-W. cross- 
folding but emplacement of the other dolerites 
occurred after crossfolding. 

Minor high-angle faulting is the last recog- 
nisable event in the area prior to a long period 
of erosion, followed by formation of Tertiary 
laterite. follow'ed in turn by fui*ther erosion to 
the present topography. 
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R. T. Prider 


Professor Rex T. Prider was born at Narrogin, 
and received his schooling there and at Bun- 
bury High School. He graduated with First- 
Class Honours in Geology from the University 
of Western Australia and received his Ph.D. 
from Cambridge University. Professor Prider 
joined the staff of the Geology Department at 
the University of Western Australia as an as- 
sistant lecturer in 1934, and was appointed as 
lecturer in 1939 and Professor lat the age of 
38) in 1949. His department has established an 
enviable reputation throughout Australia and 
overseas for the high calibre of geologists that 
it has produced. 

Professor Prider joined the Royal Society in 
1931, and he has a distinguished record of ser- 
vice to the Society. He was secretary from 1939 
to 1942 and has been a council member almost 
continuously since then, apart from brief ab- 
sences when on sabbatical leave. He has twice 
been president, in 1944-45 and 1959-60. Pro- 
fessor Prider has also served as President of the 
Geological Society of Australia, President of 
Section C of A.N.Z.A.A.S., Federal President of 
the Gemmological Association of Australia, and 
as a member of the Advisory Council of 
C.S.I.R.O. He is currently Chairman of the Re- 
search Committee of the Water Research Foun- 
dation of Australia (W.A. Branch), an editorial 
advisor for the Geological Society of Australia 
and a member of the State Committee of 
C.S.I.R.O. 

Professor Prider is the author of many im- 
portant publications dealing with the geology 
of Western Australia, and is most renowned 
for his petrological and mineralogical studies, 
especially those dealing with the leucite lamp- 
roite volcanics of the West Kimberley district. 

Professor Prider is one of the most distin- 
guished geologists Western Australia has pro- 
duced. The award of the Royal Society’s Medal 
for 1970 is made in recognition of his services 
to geology and to the Society. 
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